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@)  Heart  valves  having  ear-guided  occluders. 

(57)  Heart  valve  prostheses  have  annular  valve  bodies  with 
central  passageways  and  valve  members  supported  for 
pivotal  and  translational  movement  between  open  and 
closed  positions.  The  occluders,  which  may  be  either  of  a 
bileaflet  or  single  occluder  design,  are  supported  within  the 
bodies  by  pairs  of  ears  extending  from  opposite  locations  to 
interengage  with  corresponding  arcuate  depressions  to 
guide  the  occluders  between  their  closed  positions  where 
they  seat  against  upstream  protuberances  of  the  valve 
bodies  and  their  open  position  where  they  are  positioned 
between  the  upstream  protuberances  and  downstream 
protuberances. 
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H e a r t   valve  prostheses  have  annular  valve  bodies  with 
central  passageways  and  valve  members  supported  for 
pivotal  and  translational  movement  between  open  and 
closed  positions.  The  occluders,  which  may  be  either  of  a 
bileaflet  or  single  occluder  design,  are  supported  within  the 
bodies  by  pairs  of  ears  extending  from  opposite  locations  to 
interengage  with  corresponding  arcuate  depressions  to 
guide  the  occluders  between  their  closed  positions  where 
they  seat  against  upstream  protuberances  of  the  valve 
bodies  and  their  open  position  where  they  are  positioned 
between  the  upstream  protuberances  and  downstream 
protuberances. 



T h i s   i n v e n t i o n   r e l a t e s   to   h e a r t   v a l v e  

p r o s t h e s e s   and  more  p a r t i c u l a r l y   to   h e a r t   v a l v e s   f o r  

p e r m a n e n t   i m p l a n t a t i o n   i n t o   t h e   human  b o d y .  

B i l e a f l e t   h e a r t   v a l v e s   a r e   d e s c r i b e d   in  U . S .  

P a t e n t   No.  4 , 1 5 9 , 5 4 3   in  w h i c h   a  p a i r   of  l e a f l e t s   p i v o t  

a l o n g   e c c e n t r i c   a x e s   to  open  and  c l o s e   a  b l o o d  

p a s s a g e w a y   in  r e s p o n s e   to   t h e   p u m p i n g   of  t he   h e a r t .   A 

s i n g l e   d i s c   o c c l u d e r   wh ich   p i v o t s   b e t w e e n   an  open  a n d  

c l o s e d   p o s i t i o n   w i t h i n   an  a n n u l a r   h e a r t   v a l v e   body  i s  

d e s c r i b e d   in  U .S .   P a t e n t   No.  3 , 5 4 6 , 7 1 1 .   The  n e e d  

c o n t i n u e s   fo r   i m p r o v e d   h e a r t   v a l v e s   wh ich   a re   i n t e n d e d  

f o r   p e r m a n e n t   i m p l a n t a t i o n   i n t o   t h e   human  h e a r t .  

In  i t s   open   p o s i t i o n ,   a  v a l v e   s h o u l d   p r o v i d e   a 

p a s s a g e w a y   w h i c h   i s   l a r g e   and  w h i c h   has   good  f l o w  

c h a r a c t e r i s t i c s   so  t h a t   b l o o d   f l o w s   f r e e l y   t h e r e t h r o u g h  

w i t h   a  minimum  of  d r ag   and  eddy  c u r r e n t s .   A  h e a r t   v a l v e  

s h o u l d   be  r e s p o n s i v e   to  b l o o d   f l o w   to  q u i c k l y   o p e n  

d u r i n g   t h e   p u m p i n g   s t r o k e   of  t h e   h e a r t   and  snap  b a c k  

q u i c k l y   when  t h e   h e a r t   r e l a x e s   to   p r e v e n t   r e g u r g i t a t i o n  

of  b l o o d .   The  h e a r t   v a l v e   m u s t ,   of  c o u r s e ,   b e  

b i o c o m p a t i b l e   and  t h r o m b o r e s i s t a n t ,   and  in  t h i s   r e g a r d ,  

i t   i s   i m p o r t a n t   t h a t   a l l   s u r f a c e s   be  w e l l   washed   b y  

b l o o d   to   p r e v e n t   s t a g n a t i o n   w h i c h   m i g h t   l e a d   to  e v e n t u a l  

c l o t t i n g .   The  o p e n i n g   and  c l o s i n g  o f   t he   v a l v e   s h o u l d  

be  s u f f i c i e n t l y   s o f t   so  as  not   to   c a u s e   h e m o l y s i s  

( b r e a k i n g   of  b l o o d   c e l l s ) .   The  h e a r t   v a l v e   m u s t  

w i t h s t a n d   c o u n t l e s s   o p e n i n g s   and  c l o s i n g s ,   a n d  

p a r t i c u l a r   c a r e   s h o u l d   be  e x e r c i s e d   so  t h a t   t h e  

l o a d - b e a r i n g   s u r f a c e s   such  as  t h e   p i v o t   p o i n t s   and  s t o p s  
do  not   wear  ou t   d u r i n g   the   l i f e   of  t he   p a t i e n t .   T h e  

above   c h a r a c t e r i s t i c s   a r e   d e s i r a b l y   a c h i e v e d   w i t h   a  

s i m p l e   d e s i g n   wh ich   not  o n l y   s i m p l i f i e s   m a n u f a c t u r e ,   b u t  

r e d u c e s   t he   amoun t   of  o b s t a c l e s   to  e f f i c i e n t   b l o o d   f l o w ,  
r e d u c e s   t h e   nooks   and  c r a n n i e s   where   b l o o d   may  s t a g n a t e  
and  r e d u c e s   t h e   q u a l i t y   c o n t r o l   p r o b l e m s   a s s o c i a t e d   w i t h  



c o m p l e x i t y .  

G e n e r a l l y   a n n u a l a r   h e a r t   v a l v e   b o d i e s   w i t h  

c e n t r a l   p a s s a g e w a y s   t h e r e t h r o u g h   have   v a l v e   m e m b e r s  

w h i c h   swing   b e t w e e n   c l o s e d   p o s i t i o n s   t o   b l o c k   b l o o d   f l o w  

t h r o u g h   t h e   p a s s a g e w a y s   and  open  p o s i t i o n   to   a l l o w   b l o o d  

f l o w   t h r o u g h   t h e   p a s s a g e w a y s .   The  v a l v e   m e m b e r s   a r e  

s u p p o r t e d   w i t h i n   t h e   v a l v e   b o d i e s   by  p a i r s   of  e a r s  

e x t e n d i n g   f rom  o p p o s i t e   l o c a t i o n s   on  t h e i r   p e r i p h e r i e s  

to  i n t e r e n g a g e   w i t h   a r c u a t e   d e p r e s s i o n s   f o r m e d   in  t h e  

i n t e r i o r   s u r f a c e s   of  t h e   v a l v e   b o d i e s .   The  d e p r e s s i e r s  

g u i d e   t h e   v a l v e   m e m b e r s   in  p i v o t a l   and  t r a n s l a t i o n a l  

m o t i o n   b e t w e e n   t h e i r   c l o s e d   p o s i t i o n s   w h e r e   t h e i r  

u p s t r e a m   s u r f a c e s   s e a t   a g a i n s t   u p s t r e a m   p r o t u b e r a n c e s  

a s s o c i a t e d   w i t h   t h e   d e p r e s s i o n s   and  t h e i r   open  p o s i t i r n s  

w h e r e   t h e   v a l v e   m e m b e r s   a r e   p o s i t i o n e d   b e t w e e n   t h e  

u p s t r e a m   p r o t u b e r a n c e s   and  d o w n s t r e a m   p r o t u b e r a n c e s  

a s s o c i a t e d   w i t h   t he   d e p r e s s i o n s .   V a l v e   m e m b e r s   may  
e i t h e r   be  in  t h e   form  of  a  s i n g l e   o c c l u d e r   or  a  p a i r   o f  

g e n e r a l l y   s e m i c i r c u l a r   l e a f l e t s .   A  s i n g l e   o c c l u d e r   may 

have   a  c o n v e x - c o n c a v e   c o n f i g u r a t i o n ,   p r e f e r a b l y   w i t h   i t s  

c o n v e x   s u r f a c e   f a c i n g   u p s t r e a m   to   e q u a l i z e   t h e   f l o w   o f  

b l o o d   on  e a c h   s i d e   of  t h e   o c c l u d e r   in  i t s   open   p o s i t i o n .  

FIGURE  1  i s   a  p e r s p e c t i v e   v i e w   of  t h e   b i l e a f l e t  

h e a r t   v a l v e   e m b o d y i n g   v a r i o u s   f e a t u r e s   of  t h e   i n v e n t i o n ,  

shown  in  t h e   open   p o s i t i o n .  

FIGURE  2  i s   a  c r o s s - s e c t i o n a l   v i e w ,   e n l a r g e d   i n  

s i z e ,   t a k e n   a l o n g   l i n e   2-2  of  FIGURE  1 .  

FIGURE  3  i s   a  c r o s s - s e c t i o n a l   v i e w   s i m i l a r   t o  

t h a t   of  FIGURE  2  s h o w i n g   t h e   l e a f l e t s   in  t h e   c l o s e d  

p o s i t i o n .  

FIGURE  4  i s   a  p l a n   v i e w ,   p a r t i a l l y   cu t   away,  o f  

the   h e a r t   v a l v e   of  FIGURE  1  w i t h   t h e   l e a f l e t s   in  t h e  

c l o s e d   p o s i t i o n .  

FIGURE  5  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w  

t a k e n   a l o n g   l i n e   5-5  of  FIGURE  2 .  



FIGURE  6  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w  

t a k e n   a l o n g   l i n e   6-6  of  FIGURE  3 .  

FIGURE  7  i s   p e r s p e c t i v e   v i e w   of  an  a l t e r n a t i v e  

e m b o d i m e n t   of  a  h e a r t   v a l v e .  

FIGURE  8  is  a  e n l a r g e d   c r o s s - s e c t i o n a l   v iew  o f  

t h e   h e a r t   v a l v e   body  of  FIGURE  7  shown  w i t h   an  e l e v a t i o n  

v i e w   of  t he   o c c l u d e r .  

FIGURE  9  i s   a  p e r s p e c t i v e   v i e w   of  a  f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  h e a r t   v a l v e .  

FIGURE  10  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w  

of  t h e   h e a r t   v a l v e   body  of  FIGURE  9  shown  w i t h   a n  

e l e v a t i o n   v iew  of  t h e   o c c l u d e r .  

FIGURE  11  i s   a  p l a n   v iew  of  t h e   o c c l u d e r   of  t h e  

h e a r t   v a l v e   of  FIGURE  7 .  

FIGURE  12  i s   a  c r o s s - s e c t i o n a l   v i ew  t a k e n   a l o n g  

l i n e   1 2 - 1 2   of  FIGURE  11  ( t h e   o c c l u d e r   shown  i n v e r t e d  

r e l a t i v e   to  FIGURE  1 0 ) .  

FIGURE  13  i s   a  p e r s p e c t i v e   v i e w   of  a  s t i l l  

f u r t h e r   a l t e r n a t i v e   e m b o d i m e n t   of  a  h e a r t   v a l v e .  

FIGURE  14  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w  

of  t h e   h e a r t   v a l v e   body  of  FIGURE  13  shown  w i t h   a n  

e l e v a t i o n   v iew  of  t he   o c c l u d e r .  

FIGURE  15  i s   a  p l a n   v iew  of  t h e   o c c l u d e r   of  t h e  

h e a r t   v a l v e   of  FIGURE  1 3 .  

FIGURE  16  i s   a  c r o s s - s e c t i o n a l   v i ew  t a k e n   a l o n g  

l i n e   1 6 - 1 6   of  FIGURE  15  ( t h e   o c c l u d e r   shown  i n v e r t e d  

r e l a t i v e   to   FIGURE  1 4 ) .  

FIGURE  17  i s   an  i l l u s t r a t i o n   of  a  f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  b i l e a f l e t   h e a r t   v a l v e  

i n c l u d i n g   a  c r o s s - s e c t i o n a l   v iew  of  t h e   v a l v e   body  a n d  

an  e l e v a t i o n   v iew  of  t h e   l e a f l e t s   w i t h i n   t h e   v a l v e   b o d y  

in  t h e   c l o s e d   p o s i t i o n .  

FIGURE  18  is   an  i l l u s t r a t i o n   of  a  f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  b i l e a f l e t   h e a r t   v a l v e  

i n c l u d i n g   a  c r o s s - s e c t i o n a l   view  of  t h e   v a l v e   body  a n d  

an  e l e v a t i o n   v iew  of  t h e   l e a f l e t s   w i t h i n   t h e   v a l v e   b o d y  
in  t h e   c l o s e d   p o s i t i o n .  



FIGURE  19  is   an  i l l u s t r a t i o n   of  a  f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  s i n g l e   o c c l u d e r   h e a r t   v a l v e  

i n c l u d i n g   a  c r o s s - s e c t i o n a l   v i ew   of  t h e   v a l v e   body  a n d  

an  e l e v a t i o n   v i ew   of  t h e   o c c l u d e r   w i t h i n   t h e   v a l v e   b o d y  

in  i t s   c l o s e d   p o s i t i o n .  

I l l u s t r a t e d   in  FIGURE  1  i s   a  h e a r t   v a l v e   1 1  

which   has   an  a n n u l a r   v a l v e   body  or  h o u s i n g   13  w h i c h  

c a r r i e s   a  p a i r   of  p i v o t i n g   l e a f l e t s   or  v a l v e   members   15  

which   open  and  c l o s e   to   c o n t r o l   t h e   f l o w   of  b l o o d  

t h r o u g h   a  c e n t r a l   p a s s a g e w a y   17  in  t he   d i r e c t i o n   of  t h e  

a r r o w   19  (FIGURE  2 ) .   A  p a i r   of  e a r s   21  e x t e n d s   f r o m  

o p p o s i t e   e n d s   of  e a c h   l e a f l e t   15  and  i n t e r f i t s   w i t h   a 

p a i r   of  o p p o s e d   a r c u a t e   d e p r e s s i o n s   23  in  t h e   v a l v e   b o d y  

13,  and  t h e   l e a f l e t   15  i s   g u i d e d   t h e r e b y   as  i t   s w i n g s  

b e t w e e n   i t s   open   and  c l o s e d   p o s i t i o n s .   W h i l e   t h e   v a l v e  

11  can  o p e r a t e   in  any  o r i e n t a t i o n   and  i s   n o t  

s i g n i f i c a n t l y   a f f e c t e d   by  g r a v i t y ,   f o r   e a s e   o f  

e x p l a n a t i o n ,   t he   v a l v e   i s   shown  and  d e s c r i b e d   w i t h   t h e  

d o w n s t r e a m   end  of  t h e   v a l v e   f a c i n g   d o w n w a r d .  

The  v a l v e   body  13  i s   f o r m e d   w i t h   a  p e r i p h e r a l  

g r o o v e   25  a b o u t   i t s   e x t e r i o r   s u r f a c e   t h a t   a c c o m m o d a t e s   a  

s u t u r i n g   r i n g   ( n o t   shown)   w h i c h   may  be  any  of  t h e  

v a r i o u s   t y p e s   a l r e a d y   w e l l   known  in  t he   a r t .   T h e  

s u t u r i n g   r i n g   of  c o u r s e ,   f a c i l i t a t e s   t h e   s e w i n g   o r  

s u t u r i n g   of  t h e   h e a r t   v a l v e   11  to  t h e   h e a r t   t i s s u e .   T h e  

p a s s a g e w a y   17  t h r o u g h   t h e   v a l v e   body  13  i s   g e n e r a l l y  

c i r c u l a r ;   h o w e v e r ,   a  p a i r   of  d i a m e t r i c a l l y   o p p o s e d   f l a t  

s u r f a c e s   27  in  w h i c h   d e p r e s s i o n s   23  a re   f o r m e d   a n d  

s e v e r a l   p r o t u b e r a n c e s ,   h e r e i n a f t e r   d e s c r i b e d ,   i n t e r r u p t  

t he   o t h e r w i s e   c i r c u l a r   c o n f i g u r a t i o n   of  t he   p a s s a g e w a y .  
The  l e a f l e t s   15 ,   as  b e s t   s e e n   in  FIGURE  3,  a r e  

f l a t   w i t h   a  u n i f o r m   t h i c k n e s s   t h r o u g h o u t .   The  l e a f l e t s  

15  each   a re   g e n e r a l l y   t h e   s h a p e   of  h a l f   of  a  c i r c u l a r  

d i s c ,   h a v i n g   s t r a i g h t   m i n o r   e d g e s   29  w h i c h   l i e   c l o s e l y  

a d j a c e n t   e ach   o t h e r   in  t h e   c l o s e d   p o s i t i o n ,   as  shown  i n  



FIGURES  3  and  4,  and  m a j o r   e d g e s   31  w h i c h   a re   g e n e r a l l y  

s e m i c i r c u l a r   and  p r o p o r t i o n e d   to  l i e   c l o s e l y   a d j a c e n t  

t h e   a r c u a t e   p o r t i o n s   33  of  t he   i n t e r i o r   w a l l   35  in  t h e  

c l o s e d   p o s i t i o n   to   b l o c k   b l o o d   f l o w   t h r o u g h   t h e  

p a s s a g e w a y   17.  S t r a i g h t   s e g m e n t s   37  (FIGURE  4)  of  t h e  

l e a f l e t   p e r i p h e r i e s   d i s p o s e d   b e t w e e n   t h e   m a j o r   and  m i n o r  

e d g e s   29,  31  i n t e r r u p t   t h e   s e m i c i r c u l a r   s h a p e   of  t h e  

a r c u a t e   edge   and  a r e   s p a c e d   a p a r t   s l i g h t l y   l e s s   t h a n   t h e  

d i s t a n c e   b e t w e e n   t h e   o p p o s e d   f l a t   s u r f a c e s   27  of  t h e  

i n t e r i o r   w a l l   35  and  a l t e r n a t e l y   s e r v e   as  l o a d - b e a r i n g  

s u r f a c e s   d u r i n g   t he   s w i n g i n g   m o v e m e n t   of  t h e   l e a f l e t s  

15.  The  f l a t   s u r f a c e s   27  in  t h e   i n t e r i o r   w a l l   35  a n d  

c o r r e s p o n d i n g   s t r a i g h t   s e g m e n t s   37  of  t h e   l e a f l e t s   15 

a re   p r o v i d e d   so  t h a t   t h o s e   p o r t i o n s   of  t h e   l e a f l e t  

p e r i p h e r i e s   c l o s e l y   a d j a c e n t   t h e   c e n t e r l i n e   p l a n e   w h i c h  

r u n s   i . e . ,   t h e   p l a n e   t h r o u g h   t h e   v a l v e   body  c e n t e r l i n e  

p e r p e n d i c u l a r   to   t h e   f l a t   s u r f a c e s   27,   do  not   b ind   i n  

more  r e s t r i c t e d   a r e a s   of  t he   body  13  as  t h e y   move  a w a y  
f rom  t h e   c e n t e r l i n e   p l a n e   d u r i n g   o p e n i n g .   The  e d g e s   39 

(FIGURES  2  and  3)  of  t h e   l e a f l e t s   15  a r e   r o u n d e d   b e t w e e n  

t h e i r   u p s t r e a m   s u r f a c e s   41  and  d o w n s t r e a m   s u r f a c e s   43  t o  

e l i m i n a t e   s h a r p   c o r n e r s . '  

The  i n t e r e n g a g e m e n t   of  t he   e a r s   21  and  t h e  

c o m p l e m e n t a r y   d e p r e s s i o n s   23  s e r v e s   b o t h   to  r e t a i n   t h e  

l e a f l e t s   15  in  t h e   v a l v e   body  13  and  to   d e f i n e   t h e  

m o v e m e n t   of  t h e   l e a f l e t s   t h e r e i n .   The  e a r s   21,  w h i c h  

e x t e n d   f rom  t h e   s t r a i g h t   s e g m e n t s   37  of  t h e   l e a f l e t s   15 

i n t o   t h e   d e p r e s s i o n s   23,   have   a  g e n e r a l l y   r e c t a n g u l a r  

c o n f i g u r a t i o n   and  a r e   d i s p o s e d   c l o s e l y   a d j a c e n t   t h e  

m i n o r   e d g e s   29  of  t h e   l e a f l e t s   15.  The  d e p r e s s i o n s   2 3 ,  

as  b e s t   s e e n   in  FIGS.   2  and  3,  w i t h   w h i c h   the   e a r s   2 1  

i n t e r e n g a g e ,   a re   g e n e r a l l y   t he   s h a p e   of  a r c u a t e  

t r o u g h s .   The  d o w n s t r e a m   e d g e s   51,  a l o n g   which   the   e a r s  

21  l i e   c l o s e l y   a d j a c e n t   in  t he   c l o s e d   p o s i t i o n   of  t h e  

l e a f l e t s   15,  a re   p r e f e r a b l y   g e n e r a l l y   p e r p e n d i c u l a r   t o  

t h e   c e n t e r l i n e   p l a n e ,   and  the   a r c u a t e   e d g e s   45,  47 

e x t e n d   u p s t r e a m   t h e r e f r o m   and  c u r v e   away  from  t h e  



c e n t e r l i n e   p l a n e .   The  u p s t r e a m   s t r a i g h t   e d g e s   49  a l o n g  

w h i c h   t h e   e a r s   21  l i e   c l o s e l y   a d j a c e n t   in  t he   o p e n  

p o s i t i o n   of  t h e   l e a f l e t s   15,  a r e   a n g l e d   f rom  t h e  

c e n t e r l i n e   p l a n e   by  a b o u t   10°  to   a b o u t   25°  and  t h e   t o t a l  

a n g u l a r   m o v e m e n t   of  t he   e a r s   in  t h e   d e p r e s s i o n s   23  i s  

b e t w e e n   a b o u t   65°  a b o u t   8 0 ° .  

The  a r c u a t e   a d j a c e n t   edge   45  and  a r c u a t e   r e m o t e  

edge   47  of  e a c h   d e p r e s s i o n   23  a r e   n o t   p a r a l l e l ,   b u t  

d i v e r g e   t o w a r d   t h e i r   u p s t r e a m   e n d s   so  t h a t   t h e  

t r a n s v e r s e   d i m e n s i o n   of  e a c h   d e p r e s s i o n   23  i n c r e a s e s   i n  

an  u p s t r e a m   d i r e c t i o n .   W h i l e   t h e   l e n g t h   of  each   ea r   21  

is   s u f f i c i e n t   to   s u b s t a n t i a l l y   f i l l   t h e   s p a c e   b e t w e e n  

t h e   d o w n s t r e a m   ends   of  t he   a d j a c e n t   and  r e m o t e   a r c u a t e  

e d g e s   45,   47  of  t h e   c o r r e s p o n d i n g   d e p r e s s i o n   23,  t h e  

i n c r e a s i n g   u p s t r e a m   t r a n s v e r s e   d i m e n s i o n   of  e a c h  

d e p r e s s i o n   23  a s s u r e s   t h a t   t h e   d e p r e s s i o n   i s   w e l l   w a s h e d  

by  f l o w i n g   b l o o d   to   p r e v e n t   s t a g n a t i o n   and  r e s u l t i n g  

c l o t t i n g   t h e r e i n   when  t h e   l e a f l e t s   15  a r e   in  n o n - c l o s e d  

p o s i t i o n s .  

The  a r c u a t e   t r o u g h - s h a p e d   d e p r e s s i o n s   23  

p r e f e r a b l y   have   f l a t   r e a r   w a l l s   53  (FIGURE  2)  a l o n g  

w h i c h   t h e   o u t e r   e d g e s   of  t h e   e a r s   21  l o c a t e   as  t h e y  

sw ing   b e t w e e n   t h e i r   open   and  c l o s e d   p o s i t i o n s   a n d  

s i d e w a l l s   55  (FIG.   5 ) .   The  a r c u a t e   e d g e s   45,  47  of  t h e  

d e p r e s s i o n s   23,   w h i c h   a r e   s u b s t a n t i a l l y   p e r p e n d i c u l a r   t o  

t h e   f l a t   s u r f a c e s   27  and  to  t h e   r e a r   w a l l s   53,  g u i d e   t h e  

c o r r e s p o n d i n g   a d j a c e n t   e d g e s   57  and  r e m o t e   e d g e s   5 9  

(FIG.   4)  of  t he   e a r s   21.  P r e f e r a b l y ,   t h e   d e p t h   of  t h e  

e a r s   21  i s   l e s s   t h a n   t h e   d e p t h   of  t h e   d e p r e s s i o n s   23  s o  

t h a t   t h e   l e a f l e t s   15  a re   l a t e r a l l y   p o s i t i o n e d   by  t h e  

f l a t   s u r f a c e s   27  of  t h e   i n t e r i o r   w a l l   35  and  t h e r e   i s   n o  

c o n t a c t   b e t w e e n   t h e   r e a r   w a l l s   53  of  t h e   d e p r e s s i o n s   23 

and  t h e   end  s u r f a c e s   of  t h e   e a r s .  

The  f u l l y   open  p o s i t i o n   and  f u l l y   c l o s e d  

p o s i t i o n   of  t h e   l e a f l e t s   15  a r e   d e t e r m i n e d   by  bumps  o r  

p r o t u b e r a n c e s   wh ich   e x t e n d   i n w a r d   of  t h e   v a l v e   body  1 3 .  

An  u p s t r e a m   or  u p p e r   bump  or  p r o t u b e r a n c e   61  a s s o c i a t e d  



w i t h   e a c h   d e p r e s s i o n   is   p o s i t i o n e d   s l i g h t l y   b e l o w  

( d o w n s t r e a m   of)  and  r e m o t e   f rom  the   c e n t e r l i n e   p l a n e  

r e l a t i v e   to   t h e   c o r n e r   53  of  t he   c o r r e s p o n d i n g   u p s t r e a m  

and  r e m o t e   e d g e s   49,  47  and  a  d o w n s t r e a m   or  l ower   bump 

or  p r o t u b e r a n c e   65  a s s o c i a t e d   w i t h   e a c h   d e p r e s s i o n   i s  

p o s i t i o n e d   s l i g h t l y   b e l o w   and  r e m o t e   f rom  t h e   c e n t e r l i n e  

p l a n e   r e l a t i v e   to   t h e   c o r n e r   67  of  t h e   d o w n s t r e a m   a n d  

r e m o t e   e d g e s   51,  47.  A  p a i r   of  m i d p o i n t   p r o t u b e r a n c e s  

69  at   d i a m e t r i c a l l y   o p p o s i t e   l o c a t i o n s   on  t h e   v a l v e   b o d y  

13  a r e   p o s i t i o n e d   to   c o n t a c t   t he   l e a f l e t s   15  at   a b o u t  

t h e   m i d p o i n t s   of  t h e i r   m a j o r   a r c u a t e   e d g e s   3 1 .  

In  i t s   c l o s e d   p o s i t i o n ,   each   l e a f l e t   15  s e a t s  

w i t h   i t s   u p s t r e a m   f a c e   or  s u r f a c e   41  a b u t t i n g   t h e  

c o r r e s p o n d i n g   u p p e r   p r o t u b e r a n c e s   61  and  m i d p o i n t  

p r o t u b e r a n c e   69  in   a  p l a n e   s u b s t a n t i a l l y   p e r p e n d i c u l a r  

to  t h e   c e n t e r l i n e   p l a n e .   The  u p p e r   p r o t u b e r a n c e s   61  a n d  

m i d p o i n t   p r o t u b e r a n c e s   69  a r e   so  p o s i t i o n e d   t h a t   in   t h e  

c l o s e d   p o s i t i o n ,   t h e   d o w n s t r e a m   f a c e s   or  s u r f a c e s   43  o f  

t h e   l e a f l e t s   15  l i e   c l o s e l y   a d j a c e n t   t h e   c o r r e s p o n d i n g  

l o w e r   p r o t u b e r a n c e s   65.  In  i t s   open  p o s i t i o n ,   e a c h  

l e a f l e t   15  is   p o s i t i o n e d   w i t h   i t s   u p s t r e a m   s u r f a c e   41  

a b u t t i n g   t h e   u p p e r   p r o t u b e r a n c e s   61  and  i t s   d o w n s t r e a m  

s u r f a c e   43  a b u t t i n g   t he   l o w e r   p r o t u b e r a n c e s   65  and  w i t h  

i t s   e a r s   21  a b u t t i n g   or  l y i n g   c l o s e l y   a d j a c e n t   t h e  

u p s t r e a m   s t r a i g h t   e d g e s   4 9 .  

The  u p p e r   and  l o w e r   p r o t u b e r a n c e s   61,  65  s e r v e  

as  s u r f a c e s   a g a i n s t   w h i c h   t h e   l e a f l e t s   15  s l i d e   a n d  

p i v o t   d u r i n g   c l o s i n g   and  o p e n i n g ,   r e s p e c t i v e l y .  

E c c e n t r i c   axes   a r e   d e f i n e d   b e t w e e n   t h e   c o n t a c t   p o i n t s   o f  

the   l e a f l e t s   15  and  t he   c o r r e s p o n d i n g   p a i r   o f  

p r o t u b e r a n c e s   61  or  65.  The  p r o t u b e r a n c e s   61,  65  a r e  

p o s i t i o n e d   s u f f i c i e n t l y   c l o s e   to  t he   c e n t e r l i n e   p l a n e   s o  

t h a t   a  g r e a t e r   p o r t i o n   71,  i . e .   the   p o r t i o n   of  g r e a t e s t  

a r e a ,   of  each   l e a f l e t   i s   a l w a y s   the   s i d e   of  i t s   p i v o t a l  

a x i s   r e m o t e   fom  t h e   c e n t e r l i n e   p l a n e  

For  a  v a l v e   11  in  the   a o r t i c   p o s i t i o n ,   d u r i n g  

t he   p u m p i n g   s t r o k e   of  t h e   h e a r t ,   t he   f o r c e   d i f f e r e n t i a l  



a g a i n s t   t he   m a j o r   p o r t i o n   71  of  e a c h   l e a f l e t   1 5 ,  

r e s u l t i n g   f rom  b l o o d   p r e s s u r e   from  t h e   v e n t r i c l e ,   s w i n g s  

e a c h   l e a f l e t   in  i t s   d o w n s t r e a m   d i r e c t i o n   w i t h   i t s   m a j o r  

a r c u a t e   edge  31  mov ing   in  a  wide  a r c .   D u r i n g   o p e n i n g ,  

t h e   e a r s   21  of  t h e   l e a f l e t s   15  a re   g u i d e d   by  the   a r c u a t e  

d e p r e s s i o n s   23  in  a  g e n e r a l l y   a r c u a t e   p a t h w a y   as  t h e  

d o w n s t r e a m   s u r f a c e s   43  s l i d e   and  p i v o t   a g a i n s t   t h e   l o w e r  

p r o t u b e r a n c e s   65.  The  a r c u a t e   d e p r e s s i o n s   23  a r e  

e l o n g a t e d   and  do  no t   have   a  r a d i u s   of  c u r v a t u r e   t h a t  

c o i n c i d e s   w i t h   t h e   p i v o t a l   axes   of  t he   l e a f l e t s   1 5 .  

T h u s ,   d u r i n g   o p e n i n g   m o v e m e n t ,   t h e r e   i s   a  s l i g h t  

u p s t r e a m   t r a n s l a t i o n   of  e a c h   l e a f l e t   15,  w i t h   e a c h  

l e a f l e t   s l i d i n g   as  w e l l   as  p i v o t i n g   a g a i n s t   t he   l o w e r  

p r o t u b e r a n c e s   65  so  t h a t   t h e   p i v o t a l   a x i s ,   d e f i n e d   by  

t h e   c o n t a c t   of  t h e   l o w e r   p r o t u b e r a n c e s   and  t h e  

d o w n s t r e a m   s u r f a c e   43,  c o n t i n u o u s l y   s h i f t s   t o w a r d   t h e  

a r c u a t e   edge  31.  The  t r a n s l a t i o n a l   m o v e m e n t   of  t he   e a r s  

21  w i t h i n   t he   d e p r e s s i o n s   23  and  t he   r e l o c a t i o n   of  t h e  

l e a f l e t s   15  r e l a t i v e   to   t h e   p r o t u b e r a n c e s   61,  65  r e s u l t s  

in  a  c o n t i n u a l   s l i d i n g   of  t he   c o n t a c t   s u r f a c e s   w h i c h  

s e r v e s   to  p r e v e n t   b l o o d   f rom  s t a g n a t i n g   in  and  c l o t t i n g  

in  the   r e s t r i c t e d   a r e a s   in  t he   d e p r e s s i o n s   and  a r o u n d  

t he   p r o t u b e r a n c e s .   F u r t h e r m o r e ,   t h e   s l i d i n g   movement   o f  

t h e   l e a f l e t s   15  a g a i n s t   t h e   p r o t u b e r a n c e s   61,  65  s p r e a d s  

t h e   wear  of  p i v o t i n g   ove r   e x t e n d e d   p o r t i o n s   of  t h e  

l e a f l e t   s u r f a c e s   41,  43.  The  l e a f l e t s   15  swing  o p e n  

u n t i l   t h e i r   u p s t r e a m   s u r f a c e s   41  c o n t a c t   t h e   u p p e r  

p r o t u b e r a n c e s   61  at  an  a n g l e   f rom  t h e   c e n t e r l i n e   p l a n e  

b e t w e e n   a b o u t   10°  to   a b o u t   2 5 ° .  

When  t h e   r e s p e c t i v e   v e n t r i c l e   c l o s e s   to  d r a w  

more  b l o o d   f rom  t h e   a t r i u m ,   t h e   b a c k f l o w   of  b l o o d   f r o m  

t h e   a o r t a   e x e r t s   a  d r a g   on  the   g r e a t e r   p o r t i o n s   71  o f  

t h e   l e a f l e t s   15  and  c a u s e s   t he   l e a f l e t s   to   p r o m p t l y  

c l o s e   to  p r e v e n t   any  s u b s t a n t i a l   r e g u r g i t a t i o n   o f  

b l o o d .   D u r i n g   c l o s i n g ,   w i t h   t he   e a r s   21  of  each   l e a f l e t  

15  g u i d e d   by  t h e   c o r r e s p o n d i n g   d e p r e s s i o n s   23,  t h e  

u p s t r e a m   s u r f a c e   41  of  e a c h   l e a f l e t   p i v o t s   and  s l i d e s  



a g a i n s t   t h e   u p p e r   p r o t u b e r a n c e s   61,   w i t h   t he   e c c e n t r i c  

a x i s   b e i n g   d e f i n e d   b e t w e e n   t h e   c o n t a c t   t h e r e b e t w e e n   a n d  

s h i f t i n g   t o w a r d s   t h e   s t r a i g h t   edge   2 9 .  

P r e f e r a b l y   each   l e a f l e t   15  i s   s t o p p e d   in  i t s  

c l o s e d   p o s i t i o n   w i t h   i t s   e a r s   21  s p a c e d   s l i g h t l y   f r o m  

t h e   d o w n s t r e a m   e d g e s   51  of  t h e   d e p r e s s i o n s   23  and  may  

a l s o   be  s t o p p e d   in  i t s   open   p o s i t i o n   w i t h   t h e   e a r s  

s p a c e d   s l i g h t l y   f rom  t h e   u p s t r e a m   e d g e s   49.  T h u s ,   t h e  

s t o p p i n g   f o r c e   i s   b o r n e   by  t h e   p r o t u b e r a n c e s   61,   65 ,   69  

and  no t   by  t h e   e a r s   21,  a s s u r i n g   t h a t   b l o o d   i s   n o t  

s q u e e z e d  a n d   h e m o l y z e d   b e t w e e n   t h e   e a r s   and  t h e   s t r a i g h t  

e d g e s   49,  51  of  t h e   d e p r e s s i o n s   23  and  t h a t   t he   u p s t r e a m  

and  d o w n s t r e a m   e d g e s   of  t h e   d e p r e s s i o n s   a re   c o n t i n u a l l y  

w a s h e d   by  f l o w i n g   b l o o d .  

In  a d d i t i o n   to   t h e i r   p i v o t i n g   and  s t o p p i n g  

f u n c t i o n s ,   t h e   u p p e r   and  l o w e r   p r o t u b e r a n c e s   61,   65  

c o o p e r a t e   w i t h   t h e   c o r r e s p o n d i n g   d e p r e s s i o n s   23  t o  

r e t a i n   t h e   l e a f l e t s   15  w i t h i n   t h e   v a l v e   body  13.  I n  

o r d e r   t h a t   t h e   e a r s   21  may  be  i n s e r t e d   i n t o   t h e  

d e p r e s s i o n s   23,  i t   is   n e c e s s a r y   t h a t   t he   l e a f l e t s   15 

a n d / o r   t h e   v a l v e   body  13  be  s u f f i c i e n t l y   r e s i l i e n t l y  

d e f o r m a b l e   t h a t   t h e   l e a f l e t s   may  be  s n a p p e d   i n t o   t h e  

b o d y .   The  i n w a r d l y   e x t e n d i n g   p r o t u b e r a n c e s   61,  65,  69  

h e l p   a s s u r e   t h a t   t h e   l e a f l e t s   15  w i l l   not   snap   ou t   o f  

t h e   body  13  when  t h e   l e a f l e t s   a re   s t o p p e d   in  e i t h e r  

t h e i r   open   or  c l o s e d   p o s i t i o n s .  

The  v a l v e   11  i s   c o n s t r u c t e d   of  m a t e r i a l s   w h i c h  

a r e   t h r o m b o r e s i s t a n t   and  b i o c o m p a t i b l e   and  w h i c h   a r e  

s u f f i c i e n t l y   w e a r - r e s i s t a n t   fo r   p e r m a n e n t   i m p l a n t a t i o n  

i n t o   t h e   h e a r t .   The  v a l v e   body  13  may  be  f o r m e d   o f  

g r a p h i t e   such   as  t h a t   s o l d   u n d e r   t h e   t r a d e m a r k   POCO 

g r a p h i t e   and  t h e r e a f t e r   c o a t e d   w i t h   p y r o l y t i c   c a r b o n  

such   as  t h a t   s o l d   u n d e r   t h e   t r a d e m a r k   PYROLITE  w h i c h  

p r o v i d e s   a  s u r f a c e   w i t h   e x c e l l e n t   b i o c o m p a t i b l e   a n d  

t h r o m b o r e s i s t a n t   p r o p e r t i e s .   The  l e a f l e t s   15  may  e a c h  

be  f o r m e d   as  a  u n i t a r y   p i e c e   of  p y r o l y t i c   c a r b o n   or  may  
be  made  of  a  c o a t e d   s u b s t r a t e .  



A  t y p i c a l   h e a r t   v a l v e   body  13  i s   5  mm.  h i g h ,  

has   an  o u t s i d e   d i a m e t e r   of  25  mm.  and  p r o v i d e s   a  

p a s s a g e w a y   17  of  23  mm.  in  d i a m e t e r .   The  f l a t   s u r f a c e s  

27  a r e   s p a c e d   22  mm.  f rom  e a c h   o t h e r   and  t h e   d e p r e s s i o n s  

23  t h e r e i n   a r e   1  1 /2   mm.  d e e p .   The  l e a f l e t s   15  a r e   1 

mm.  t h i c k   and  have   a r c u a t e   e d g e s   31  w i t h   11  mm.  r a d i i .  

The  s t r a i g h t   s e g m e n t s   37  a r e   s p a c e d   21  mm.  a p a r t   and  t h e  

e a r s   21  e x t e n d   1  1 /2   mm.  o u t w a r d   t h e r e f r o m .   The  s e v e r a l  

p r o t u b e r e n c e s   61,  65  and  69  e a c h   e x t e n d   1  1 /2   mm.  i n t o  

t h e   v a l v e   body  1 3 .  

I l l u s t r a t e d   in  F i g u r e   7  i s   an  a l t e r n a t i v e  

e m b o d i m e n t   of  a  h e a r t   v a l v e   111  w h i c h   has   an  a n n u l a r  

v a l v e   body  or  h o u s i n g   113  w h i c h   c a r r i e s   a  v a l v e   m e m b e r  

115  in  t h e   fo rm  of  a  s i n g l e   d i s c   o c c l u d e r   w h i c h   o p e n s  
and  c l o s e s   to   c o n t r o l   t h e   f l o w   of  b l o o d   t h r o u g h   a  

c e n t r a l   p a s s a g e w a y   117  in  t h e   d i r e c t i o n   of  t h e   a r r o w   1 1 9  

( F i g u r e   8 ) .   A  p a i r   of  e a r s   121  e x t e n d s   a l o n g   o p p o s i t e  

ends   of  an  e c c e n t r i c   l i n e   a c r o s s   t h e   o c c l u d e r   115  a n d  

i n t e r f i t s   w i t h   a  p a i r   of  o p p o s e d   a r c u a t e   d e p r e s s i o n s   1 2 3  

in  t h e   v a l v e   body  113,   and  t h e   o c c l u d e r   i s   g u i d e d  

t h e r e b y   as  i t   s w i n g s   b e t w e e n   i t s   open   and  c l o s e d  

p o s i t i o n s .   W h i l e   t h e   v a l v e   111  can   o p e r a t e   in  a n y  
o r i e n t a t i o n   and  i s   no t   s i g n i f i c a n t l y   a f f e c t e d   b y  

g r a v i t y ,   fo r   e a s e   of  e x p l a n a t i o n ,   t h e   v a l v e   i s   shown  a n d  

d e s c r i b e d   w i t h   t he   d o w n s t r e a m   end  of  t h e   v a l v e   f a c i n g  

d o w n w a r d .  

The  v a l v e   body  113  i s   f o r m e d   w i t h   a  p e r i p h e r a l  

g r o o v e   125  a b o u t   i t s   e x t e r i o r   s u r f a c e   t h a t   a c c o m m o d a t e s  

a  s u t u r i n g   r i n g   (no t   shown)  w h i c h   f a c i l i t a t e s   t h e   s e w i n g  

or  s u t u r i n g   of  t h e   h e a r t   v a l v e   111  to   t h e   h e a r t   t i s s u e .  

The  p a s s a g e w a y   117  t h r o u g h   t h e   v a l v e   body  113  i s  

g e n e r a l l y   c i r c u l a r ;   h o w e v e r ,   a  p a i r   of  d i a m e t r i c a l l y  

o p p o s e d   f l a t   s u r f a c e s   127 ,   in  w h i c h   d e p r e s s i o n s   123  a n d  

s e v e r a l   p r o t u b e r a n c e s   a r e   f o r m e d ,   i n t e r r u p t   t h e  

o t h e r w i s e   c i r c u l a r   c o n f i g u r a t i o n   of  t he   p a s s a g e w a y .  

The  o c c l u d e r   115 ,   as  b e s t   s e e n   in  F i g u r e   8,  i s  

f l a t   w i t h   a  u n i f o r m   t h i c k n e s s   t h r o u g h o u t   and  i s  



g e n e r a l l y   d i s c - s h a p e d .   H o w e v e r ,   t h e   c i r c u l a r y   p e r i p h e r y  

is   i n t e r r u p t e d   by  s t r a i g h t   s e g m e n t s   137,   from  which   t h e  

e a r s   121  e x t e n d ,   l e a v i n g   a r c u a t e   edge   p o r t i o n s   1 3 1 a ,  

131b  t h a t   l i e   c l o s e l y   a d j a c e n t   t h e   a r c u a t e   p o r t i o n s   o f  

the   i n t e r i o r   w a l l   in  t he   c l o s e d   p o s i t i o n .   The  s t r a i g h t  

s e g m e n t s   137  a r e   s p a c e d   a p a r t   s l i g h t l y   l e s s   t h a n   t h e  

d i s t a n c e   b e t w e e n   t h e   o p p o s e d   f l a t   s u r f a c e s   127  of  t h e  

i n t e r i o r   w a l l   and  a l t e r n a t e l y   s e r v e   as  l o a d - b e a r i n g  

s u r f a c e s   d u r i n g   t he   s w i n g i n g   m o v e m e n t   of  t he   o c c l u d e r  

115.  The  f l a t   s u r f a c e s   127  in  t h e   i n t e r i o r   w a l l   a n d  

c o r r e s p o n d i n g   s t r a i g h t   s e g m e n t s   137  of  the   o c c l u d e r   1 1 5  

a re   p r o v i d e d   so  t h a t   t h o s e   p o r t i o n s   of  t he   o c c l u d e r  

p e r i p h e r y   c l o s e l y   a d j a c e n t   t h e   c e n t e r l i n e   p l a n e ,   i . e .  

t h e   p l a n e   t h r o u g h   t he   v a l v e   body   c e n t e r l i n e  

p e r p e n d i c u l a r   to  t he   f l a t   s u r f a c e s   127,   do  not  b ind   i n  

more  r e s t r i c t e d   a r e a s   of  t h e   body   113  as  t h e y   move  a w a y  
from  the   c e n t e r l i n e   p l a n e   d u r i n g   o p e n i n g .   T h e  

p e r i p h e r a l   edge   139  of  t h e   o c c l u d e r   115  is  r o u n d e d  

b e t w e e n   i t s   u p s t r e a m   f a c e   or  s u r f a c e   141  and  i t s  

d o w n s t r e a m   f a c e   or  s u r f a c e   143  to   e l i m i n a t e   s h a r p  

c o r n e r s .  

The  i n t e r e n g a g e m e n t   of  t h e   e a r s   121  and  t h e  

c o m p l e m e n t a r y   d e p r e s s i o n s   123  s e r v e s   b o t h   to  r e t a i n   t h e  

o c c l u d e r   115  in  t he   v a l v e   body  113  and  to  d e f i n e   t h e  

movement   of  t h e   o c c l u d e r   t h e r e i n .   The  e a r s   121,   w h i c h  

e x t e n d   at   o p p o s i t e   ends   of  an  e c c e n t r i c   l i n e   from  t h e  

s t r a i g h t   s e g m e n t s   137  of  t h e   o c c l u d e r   115  i n t o   t h e  

d e p r e s s i o n s   123,   have  a  g e n e r a l l y   r e c t a n g u l a r  

c o n f i g u r a t i o n .   The  d e p r e s s i o n s   123 ,   w i t h   wh ich   t he   e a r s  
121  i n t e r e n g a g e ,   are   g e n e r a l l y   t h e   s h a p e   of  a r c u a t e  

t r o u g h s   and  g u i d e   the   e a r s   in  a  g e n e r a l l y   a r c u a t e  

.  p a t h w a y .   The  u p s t r e a m   e d g e s   151 ,   a l o n g   which   the   e a r s  
121  l i e   c l o s e l y   a d j a c e n t   in  t h e   c l o s e d   p o s i t i o n   of  t h e  

o c c l u d e r   115,   a re   p r e f e r a b l y   g e n e r a l l y   p e r p e n d i c u l a r   t o  

the   c e n t e r l i n e   p l a n e ,   and  t h e   a r c u a t e   e d g e s   145,   147 

e x t e n d   d o w n s t r e a m   t h e r e f r o m   and  c u r v e   away  from  t h e  

c e n t e r l i n e   p l a n e .   The  d o w n s t r e a m   s t r a i g h t   e d g e s   1 4 9 ,  



a l o n g   w h i c h   t h e   e a r s   121  l i e   c l o s e l y   a d j a c e n t   in  t h e  

open  p o s i t i o n   of  t h e   o c c l u d e r   115,   a r e   a n g l e d   f rom  t h e  

c e n t e r l i n e   p l a n e   by  a b o u t   10°  to   a b o u t   25°  so  t h a t   t h e  

t o t a l   a n g u l a r   m o v e m e n t   of  t h e   e a r s   in  t h e   d e p r e s s i o n s  

123  i s   b e t w e e n   a b o u t   65°  and  a b o u t   8 0 ° .  

The  a r c u a t e   edge   145  of  e a c h   d e p r e s s i o n   1 2 3  

a d j a c e n t   to   t h e   c e n t e r l i n e   p l a n e   and  t h e   a r c u a t e   e d g e  

147  r e m o t e   f rom  t h e   c e n t e r l i n e   p l a n e   a r e   no t   p a r a l l e l ,  

bu t   d i v e r g e   t o w a r d   t h e i r   d o w n s t r e a m   e n d s   so  t h a t   t h e  

t r a n s v e r s e   d i m e n s i o n   of  each   d e p r e s s i o n   i n c r e a s e s   in  a  

d o w n s t r e a m   d i r e c t i o n .   W h i l e   t he   l e n g t h   of  e a c h   ea r   1 2 1  

is   s u f f i c i e n t   to   s u b s t a n t i a l l y   f i l l   t h e   s p a c e   b e t w e e n  

t h e   u p s t r e a m   e n d s   of  t h e   a d j a c e n t   and  r e m o t e   a r c u a t e  

e d g e s   145,   147  of  t h e   c o r r e s p o n d i n g   d e p r e s s i o n   123,   t h e  

i n c r e a s i n g   d o w n s t r e a m   t r a n s v e r s e   d i m e n s i o n   of  e a c h  

d e p r e s s i o n   a s s u r e s   t h a t   t he   d e p r e s s i o n   i s   w e l l   w a s h e d   b y  

f l o w i n g   b l o o d   to   p r e v e n t   s t a g n a t i o n   and  r e s u l t i n g  

c l o t t i n g   t h e r e i n   when  t h e   o c c l u d e r   115  i s   in  n o n - c l o s e d  

p o s i t i o n s .  

The  a r c u a t e   t r o u g h   s h a p e d   d e p r e s s i o n s   1 2 3  

p r e f e r a b l y   have   f l a t   r e a r   w a l l s   153  ( F i g u r e   8)  a l o n g  

w h i c h   the   o u t e r   e n d s   154  of  t h e   e a r s   121  l o c a t e   as  t h e y  

swing  b e t w e e n   t h e i r   open   and  c l o s e d   p o s i t i o n s .   T h e  

a r c u a t e   e d g e s   1 4 5 ,   147  of  t h e   d e p r e s s i o n s   123,   w h i c h   a r e  

s u b s t a n t i a l l y   p e r p e n d i c u l a r   to   t he   f l a t   s u r f a c e s   127  a n d  

to  t h e   r e a r   w a l l s   153 ,   g u i d e   the   c o r r e s p o n d i n g   e d g e s  

157,   159  ( F i g u r e   8)  of  t h e   e a r s   121 .   P r e f e r a b l y ,   t h e  

d e p t h   of  t h e   e a r s   121  i s   l e s s   t h a n   t h e   d e p t h   of  t h e  

d e p r e s s i o n s   123  so  t h a t   t he   o c c l u d e r   115  i s   l a t e r a l l y  

p o s i t i o n e d   by  t h e   f l a t   s u r f a c e s   127  of  t h e   i n t e r i o r   w a l l  

and  t h e r e   is   no  c o n t a c t   b e t w e e n   t h e   r e a r   w a l l s   153  o f  

t h e   d e p r e s s i o n s   123  and  the   end  154  of  t h e   e a r s .  

The  f u l l y   o p e n   p o s i t i o n   and  f u l l y   c l o s e d  

p o s i t i o n   of  t h e   o c c l u d e r   115  a re   d e t e r m i n e d   by  bumps  o r  

p r o t u b e r a n c e s   w h i c h   e x t e n d   i n w a r d   of  t h e   v a l v e   b o d y  

113.   A  d o w n s t r e a m   or  l o w e r   p r o t u b e r a n c e   161  a s s o c i a t e d  

w i t h   e a c h   d e p r e s s i o n   123  i s   p o s i t i o n e d   s l i g h t l y   a b o v e  



( u p s t r e a m   of)  and  r e m o t e   f rom  t h e   c e n t e r l i n e   p l a n e  

r e l a t i v e   to   t h e   c o r n e r   163  of  t h e   c o r r e s p o n d i n g  

d o w n s t r e a m   edge   149  and  r e m o t e   a r c u a t e   edge   147,   and  a n  

u p s t r e a m   or  u p p e r   p r o t u b e r a n c e   165  a s s o c i a t e d   w i t h   e a c h  

d e p r e s s i o n   i s   p o s i t i o n e d   s l i g h t l y   a b o v e   and  r e m o t e   f r o m  

t h e   c e n t e r l i n e   p l a n e   r e l a t i v e   to  t h e   c o r n e r   167  of  t h e  

u p s t r e a m   edge   151  and  r e m o t e   a r c u a t e   edge  1 4 7 .  

A  p r o t u b e r a n c e   or  s h o r t   l i p   169b  i s   p o s i t i o n e d  

on  t h e   a r c u a t e   p o r t i o n   133b  of  t h e   i n t e r i o r   w a l l   r e m o t e  

f rom  t he   d e p r e s s i o n s   123  to   c o n t a c t   t h e   u p s t r e a m   s u r f a c e  

141  of  t h e   o c c l u d e r   115  in  i t s   c l o s e d   p o s i t i o n   at  a b o u t  

t h e   m i d p o i n t   of  i t s   d o w n s t r e a m   a r c u a t e   edge  131b.   T h e  

l i p   169b  in  c e r t a i n   m o d e l s   may  e x t e n d   a r o u n d   t he   e n t i r e  

a r c u a t e   p o r t i o n   133b .   A  p r o t u b e r a n c e   or  s h o r t   l i p   1 6 9 a  

o p t i o n a l l y   i n c l u d e d   on  the   v a l v e   body   113  is   p o s i t i o n e d  

a t   t h e   m i d p o i n t   of  t he   a r c u a t e   p o r t i o n   133a  of  t h e  

i n t e r i o r   w a l l   a d j a c e n t   t he   d e p r e s s i o n s   123  to  c o n t a c t  

t h e   d o w n s t r e a m   s u r f a c e   143  of  t h e   o c c l u d e r   115  in  i t s  

c l o s e d   p o s i t i o n   at   a b o u t   t he   m i d p o i n t   of  i t s   u p s t r e a m  

a r c u a t e   edge  1 3 1 a .  

In  i t s   c l o s e d   p o s i t i o n ,   t h e   o c c l u d e r   115  s e a t s  

w i t h   i t s   u p s t r e a m   s u r f a c e   141  a b u t t i n g   t h e   c o r r e s p o n d i n g  

u p p e r   p r o t u b e r a n c e s   165  and  m i d p o i n t   p r o t u b e r a n c e s   1 6 9 a ,  

169b   in  a  p l a n e   s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  t h e  

c e n t e r l i n e   p l a n e .   The  upper   p r o t u b e r a n c e s   165  a n d  

m i d p o i n t   p r o t u b e r a n c e s   169  a re   so  p o s i t i o n e d   t h a t   in  t h e  

c l o s e d   p o s i t i o n ,   t he   d o w n s t r e a m   s u r f a c e   143  of  t h e  

o c c l u d e r   115  l i e s   c l o s e l y   a d j a c e n t   t h e   c o r r e s p o n d i n g  
l o w e r   bumps  or  p r o t u b e r a n c e s   161.   In  i t s   open  p o s i t i o n ,  
t h e   o c c l u d e r   115  i s   p o s i t i o n e d   w i t h   i t s   u p s t r e a m   s u r f a c e  

141  a b u t t i n g   t he   u p p e r   p r o t u b e r a n c e s   165  and  i t s  

d o w n s t r e a m   s u r f a c e   143  a b u t t i n g   t h e   l o w e r   p r o t u b e r a n c e s  

161  and  w i t h   i t s   e a r s   121  a b u t t i n g   or  l y i n g   c l o s e l y  

a d j a c e n t   t he   d o w n s t r e a m   s t r a i g h t   e d g e s   1 4 9 .  

The  u p p e r   and  lower   p r o t u b e r a n c e s   165,  1 6 1  

s e r v e   as  s u r f a c e s   a g a i n s t   which   t h e   o c c l u d e r   115  s l i d e s  

and  p i v o t s   d u r i n g   c l o s i n g   and  o p e n i n g ,   r e s p e c t i v e l y .   An 



e c c e n t r i c   a x i s   is   d e f i n e d   b e t w e e n   t he   c o n t a c t   p o i n t s   o f  

the   o c c l u d e r   115  and  the   c o r r e s p o n d i n g   p a i r   o f  

p r o t u b e r a n c e s   161  or  165  d u r i n g   o p e n i n g   and  c l o s i n g .  

For   a  v a l v e   111  in  t h e   a o r t i c   p o s i t i o n ,   d u r i n g  

the   p u m p i n g   s t r o k e   of  t he   h e a r t ,   t h e   o c c l u d e r   115  i s  

p u s h e d   i n t o   c o n t a c t   w i t h   t h e   l o w e r   p r o t u b e r a n c e s   161  a n d  

out   of  c o n t a c t   w i t h   t he   u p p e r   p r o t u b e r a n c e s   165.   T h e  

f o r c e   d i f f e r e n t i a l   r e s u l t i n g   f rom  b l o o d   p r e s s u r e   f r o m  

the   v e n t r i c l e   a g a i n s t   t he   g r e a t e r   p o r t i o n   171  of  t h e  

o c c l u d e r   1 1 5 ,   r e l a t i v e   to   t h e   l o w e r   p r o t u b e r a n c e s   1 6 1  

s w i n g s   t h e   o c c l u d e r   in  i t s   d o w n s t r e a m   d i r e c t i o n   w i t h   i t s  

d o w n s t r e a m   a r c u a t e   edge   1 3 1 b ,   moving   in  a  w i d e   a r c .  

D u r i n g   o p e n i n g ,   t h e   e a r s   121  of  t h e   o c c l u d e r   115  a r e  

g u i d e d   by  t h e   a r c u a t e   d e p r e s s i o n s   123  as  t h e   d o w n s t r e a m  

s u r f a c e   143  s l i d e s   and  p i v o t s   a g a i n s t   t h e   l o w e r  

p r o t u b e r a n c e s   161 .   The  a r c u a t e   d e p r e s s i o n s   123  a r e  

e l o n g a t e d   and  do  no t   have   a  r a d i u s   of  c u r v a t u r e   t h a t  

c o i n c i d e s   w i t h   t h e   p i v o t a l   a x i s   of  t h e   o c c l u d e r   1 1 5 .  

Thus ,   d u r i n g   o p e n i n g   m o v e m e n t ,   t h e r e   is   a  s l i g h t  

d o w n s t r e a m   t r a n s l a t i o n   of  t h e   o c c l u d e r   115 ,   w i t h   t h e  

o c c l u d e r   s l i d i n g   as  w e l l   as  p i v o t i n g   a g a i n s t   t h e   l o w e r  

p r o t u b e r a n c e s   161  so  t h a t   t h e   p i v o t a l   a x i s ,   d e f i n e d   b y  

the   c o n t a c t   of  t h e   l ower   p r o t u b e r a n c e s   and  t h e  

d o w n s t r e a m   s u r f a c e   143,   c o n t i n u o u s l y   s h i f t s   t o w a r d   t h e  

u p s t r e a m   e d g e   1 3 1 a .   The  o c c l u d e r   115  swing   open   u n t i l  

i t s   u p s t r e a m   s u r f a c e   141  a g a i n   c o n t a c t s   t h e   u p p e r  

p r o t u b e r a n c e s   165  w i t h   t h e   o c c l u d e r   d i s p o s e d   in  t h e  

v a l v e   body   113  a t   an  a n g l e   f rom  t h e   c e n t e r l i n e   p l a n e  

b e t w e e n   a b o u t   10°  to   a b o u t   2 5 ° .  

When  t h e   r e s p e c t i v e   v e n t r i c l e   c l o s e s   to   d r a w  

more  b l o o d   f r o m   t h e   a t r i u m ,   t h e   b a c k f l o w   of  b l o o d   f r o m  

the   a o r t a   e x e r t s   a  d rag   on  t h e   m a j o r   p o r t i o n s   171  of  t h e  

o c c l u d e r   115 ,   r e l a t i v e   to  t h e   u p p e r   p r o t u b e r a n c e s   1 6 5 ,  

and  c a u s e s   t h e   o c c l u d e r   to   p r o m p t l y   c l o s e   to   p r e v e n t   a n y  

s u b s t a n t i a l   r e g u r g i t a t i o n   of  b l o o d .   D u r i n g   c l o s i n g ,  

w i t h   t h e   e a r s   121  of  t he   o c c l u d e r   115  g u i d e d   by  t h e  

c o r r e s p o n d i n g   d e p r e s s i o n s   123 ,   t h e   u p s t r e a m   s u r f a c e   1 4 1  



of  t he   o c c l u d e r   p i v o t s   and  s l i d e s   a g a i n s t   t he   u p p e r  

p r o t u b e r a n c e s   165,   w i t h   t he   e c c e n t r i c   a x i s   b e i n g   d e f i n e d  

b e t w e e n   t h e   c o n t a c t   t h e r e b e t w e e n  a n d   s h i f t i n g   t o w a r d s  

the   d o w n s t r e a m   a r c u a t e   edge  133b .   The  t r a n s l a t i o n a l  

movement   of  t h e   e a r s   121  w i t h i n   t h e   d e p r e s s i o n s   123  a n d  

the   r e l o c a t i o n   of  t he   o c c l u d e r   115  r e l a t i v e   to  t h e  

p r o t u b e r a n c e s   161,   165  r e s u l t s   in  a  c o n t i n u a l   s l i d i n g   o f  

the   c o n t a c t   s u r f a c e s   wh ich   s e r v e s   to  p r e v e n t   b l o o d   f r o m  

s t a g n a t i n g   in  and  c l o t t i n g   in  t he   r e s t r i c t e d   a r e a s   i n  

the   d e p r e s s i o n s   and  a r o u n d   t he   p r o t u b e r a n c e s .  

F u r t h e r m o r e ,   t h e   s l i d i n g   movement   of  t h e   o c c l u d e r   1 1 5  

a g a i n s t   t h e   p r o t u b e r a n c e s   161,   165  s p r e a d s   t he   wear  o f  

p i v o t i n g   ove r   e x t e n d e d   p o r t i o n s   of  t he   o c c l u d e r   s u r f a c e s  

141,  1 4 3  

P r e f e r a b l y   t h e   o c c l u d e r   115  i s   s t o p p e d   in  i t s  

c l o s e d   p o s i t i o n   w i t h   i t s   e a r s   121  s p a c e d   s l i g h t l y   f r o m  

the   u p s t r e a m   e d g e s   151  of  t h e   d e p r e s s i o n s   123  and  may  
a l s o   be  s t o p p e d   in  i t s   open  p o s i t i o n   w i t h   t he   e a r s  

s p a c e d   s l i g h t l y   from  t he   d o w n s t r e a m   e d g e s   149.  T h u s ,  

the   s t o p p i n g   f o r c e   is   b o r n e   by  the   p r o t u b e r a n c e s   1 6 9 ,  

165,  161  and  not   by  t he   e a r s ,   a s s u r i n g   t h a t   b lood   is  n o t  

s q u e e z e d   and  h e m o l y z e d   b e t w e e n   t he   e a r s   and  the   s t r a i g h t  

e d g e s   of  t h e   d e p r e s s i o n s   and  t h a t   the   u p s t r e a m   a n d  

d o w n s t r e a m   e d g e s   of  t h e   d e p r e s s i o n s   a re   c o n t i n u a l l y  

washed   by  f l o w i n g   b l o o d .  

In  a d d i t i o n   to  t h e i r   p i v o t i n g   and  s t o p p i n g  

f u n c t i o n s ,   t he   uppe r   and  l o w e r   p r o t u b e r a n c e s   165,  1 6 1  

c o o p e r a t e   w i t h   t he   c o r r e s p o n d i n g   d e p r e s s i o n s   123  t o  

r e t a i n   t he   o c c l u d e r   115  w i t h i n   t h e   v a l v e   body  113.   I n  

o r d e r   t h a t   t he   e a r s   121  may  be  i n s e r t e d   i n t o   t h e  

d e p r e s s i o n s   123,   i t   i s   n e c e s s a r y   t h a t   t he   o c c l u d e r   1 1 5  

a n d / o r   t he   v a l v e   body  113  be  s u f f i c i e n t l y   r e s i l i e n t l y  

d e f o r m a b l e   t h a t   t he   o c c l u d e r   may  be  s n a p p e d   i n t o   t h e  

body.   The  i n w a r d l y   e x t e n d i n g   p r o t u b e r a n c e s   161,  1 6 5 ,  

169  h e l p   a s s u r e   t h a t   t he   o c c l u d e r   115  w i l l   not   snap  o u t  

of  t he   body  113  when  the   o c c l u d e r   is  s t o p p e d   in  e i t h e r  

i t s   open  or  c l o s e d   p o s i t i o n s .  



I l l u s t r a t e d   in  F i g u r e   9  i s   an  a l t e r n a t i v e  

e m b o d i m e n t   of  a  s i n g l e   d i s c   o c c l u d e r   h e a r t   v a l v e   211  i n  

w h i c h   t h e   o c c l u d e r   215  has   an  a r u c a t e   c r o s s   s e c t i o n   a n d  

a  g e n e r a l l y   u n i f o r m   t h i c k n e s s .   The  o c c l u d e r   215  has  a 

c o n f i g u r a t i o n   g e n e r a l l y   t h a t   of  a  p o r t i o n   of  a  t u b e ,  

such   as  a  h o l l o w   r i g h t   c i r c u l a r   or  e l l i p t i c a l   c y l i n d e r .  

The  p r e f e r r e d   o c c l u d e r   c o n f i g u r a t i o n   i s   g e n e r a l l y   a  

p o r t i o n   of  a  h o l l o w   r i g h t   e l l i p t i c a l   c y l i n d e r   w i t h   t h e  

mino r   e l l i p t i c a l   a x i s   210  ( F i g u r e   12)  i n t e r s e c t i n g   t h e  

s t r a i g h t   c e n t e r l i n e   212  of  t h e   o c c l u d e r   215,   and  t h e  

o c c l u d e r   215  i s   d i s p o s e d   in   t he   v a l v e   body  213  w i t h   i t s  

c o n v e x   s u r f a c e   241  f a c i n g   u p s t r e a m .   The  e l l i p t i c a l  

c r o s s - s e c t i o n a l   c o n f i g u r a t i o n   p r o v i d e s   a  r e g i o n   220  

a l o n g   i t s   c e n t e r l i n e   212  w h i c h   i s   f a i r l y   f l a t   r e l a t i v e  

to  t h e   edge   r e g i o n s   219 .   The  l e n g t h   of  t h e   m a j o r  

e l l i p t i c a l   a x i s   228  of  t h e   t u b e   f rom  w h i c h   the   o c c l u d e r  

215  may  be  s h a p e d   i s   p r e f e r a b l y   b e t w e e n   a b o u t   120%  a n d  

a b o u t   200%  of  t h e   p a s s a g e w a y   d i a m e t e r ,   and  t he   l e n g t h   o f  

t he   m i n o r   e l l i p t i c a l   a x i s   210  is   b e t w e e n   a b o u t   50%  a n d  

a b o u t   170%  of  t h e   p a s s a g e w a y   d i a m e t e r .   The  d e p t h   X  ( F i g  

12 . )   of  t he   c o n c a v e   s u r f a c e   as  m e a s u r e d   f rom  the   ba se   o f  

t he   o c c l u d e r   215  to   t h e   c e n t e r l i n e   of  t h e   c o n c a v e  

s u r f a c e   243  s h o u l d   be  b e t w e e n   a b o u t   15%  and  a b o u t   30%  o f  

t he   p a s s a g e w a y   d i a m e t e r .  

The  o c c l u d e r   215  i s   o r i e n t e d   w i t h i n   t he   v a l v e  

body  213  so  t h a t   i t   s e a t s   in  t he   c l o s e d   p o s i t i o n   w i t h  

i t s   c e n t e r l i n e   212  a t   an  a n g l e   of  f rom  65°  to   90°  to   t h e  

p a s s a g e w a y   c e n t e r l i n e .   In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,  

t he   d o w n s t r e a m   edge   231b  and  u p s t r e a m   edge   231a  have  t h e  

same  g e n e r a l   s h a p e ,   i .   e . ,   t h e   i n t e r s e c t i o n   b e t w e e n   t h e  

e l l i p t i c a l   h o l l o w   c y l i n d e r   t h a t   d e f i n e s   t h e   body  of  t h e  

o c c u l u d e r   215  and  t h e   r i g h t   c i r c u l a r   c y l i n d e r   t h a t  

d e f i n e s   t h e   i n t e r i o r   w a l l   233  of  t h e   p a s s a g e w a y   2 1 7 .  

The  o c c l u d e r   215  i s   f o r m e d   w i t h   f l a t   l a t e r a l  

edge  s e g m e n t s   237  w h i c h   a l t e r n a t e l y   a b u t   t h e  

d i a m e t r i c a l l y   o p p o s i t e   f l a t   s u r f a c e s   227  on  t he   i n t e r i o r  

w a l l   of  t h e   v a l v e   body  and  w h i c h   s e r v e   as  b e a r i n g  



s u r f a c e s   d u r i n g   t h e   p i v o t i n g   movement   of  t he   o c c l u d e r .  

D e p r e s s i o n s   223  in  t h e   f l a t   s u r f a c e s   227  in  c o m b i n a t i o n  

w i t h   p r o t u b e r a n c e s   261 ,   265  t h a t   e x t e n d   g e n e r a l l y  

r a d i a l l y   i n w a r d   f rom  t h e   f l a t   s u r f a c e s   227  g u i d e   t h e  

o c c l u d e r .   A  p a i r   of  g e n e r a l l y   r e c t a n g u l a r - s h a p e d   e a r s  

221  e x t e n d   f rom  t h e   f l a t   s e g m e n t s   237  of  t he   o c c l u d e r  

215  and  a re   r e c e i v e d   in  t he   g u i d i n g   d e p r e s s i o n s .  

The  a c t i o n   of  t he   o c c l u d e r   215  is  s i m i l a r   t o  

t he   a c t i o n   of  o c c l u d e r   1 1 5  o f   t he   h e a r t   v a l v e   1 1 1 ,  

d e s c r i b e d   h e r e i n a b o v e   in  r e f e r e n c e   to  F i g u r e s   7 -8 .   T h e  

o c c l u d e r   215  i s   g u i d e d   fo r   p i v o t a l   and  t r a n s l a t i o n a l  

movement   d u r i n g   o p e n i n g   and  c l o s i n g   by  the   movement   o f  

the   e a r s   221  in  t h e   e l o n g a t e d   d e p r e s s i o n s   223.  T h e  

o c c l u d e r   s t o p s   in  t h e   c l o s e d   p o s i t i o n   (FIG.  10)  w i th   i t s  

u p s t r e a m   s u r f a c e   241  in  c o n t a c t   w i t h   t he   two  u p s t r e a m  

p r o t u b e r a n c e s   265  and  a  t h i r d   p r o t u b e r a n c e   269  on  t h e  

o p p o s i t e   s i d e   of  t h e   v a l v e   c e n t e r l i n e .   In  the   o p e n  

p o s i t i o n ,   t h e   o c c l u d e r   215  s t o p s   w i t h   i t s   u p s t r e a m  
s u r f a c e   241  s t i l l   in  c o n t a c t   w i t h   the  two  u p s t r e a m  

p r o t u b e r a n c e s   265  and  w i t h   i t s   d o w n s t r e a m   s u r f a c e   243 

a b u t t i n g   the   d o w n s t r e a m   p r o t u b e r a n c e s   261.  T h e  

c e n t e r l i n e   212  of  t h e   o c c l u d e r   in  the  open  p o s i t i o n  

fo rms   an  a n g l e   of  f rom  a b o u t   10°  to  abou t   25°  w i th   t h e  

p a s s a g e w a y   c e n t e r l i n e .  

When  t h e   o c c l u d e r   215  is  in  the   open  p o s i t i o n ,  

i t   d e f i n e s   a  m ino r   p a s s a g e w a y   p o r t i o n   254  a long   i t s  

c o n c a v e   d o w n s t r e a m   s u r f a c e   243  ( F i g u r e   9)  and  a  m a j o r  

p o r t i o n   256  a l o n g   i t s   c o n v e x   s u r f a c e   241.  B e c a u s e   t h e  

c o n c a v e   d o w n s t r e a m   s u r f a c e   243  e n l a r g e s   t he   m i n o r  

p a s s a g e w a y   p o r t i o n   254,   t he   p a r t i c u l a r   a r c u a t e   c r o s s  

s e c t i o n   of  t h e   o c c l u d e r   215  t e n d s   to  e q u a l i z e   t h e  

p a s s a g e w a y   p o r t i o n s   254,  256.  Th i s   e q u a l i z a t i o n   a s s u i e s  

t h a t   the   a r e a   of  the   minor   p a s s a g e w a y   p o r t i o n   is  not  s o  
r e s t r i c t e d   t h a t   l i t t l e   f low  of  b lood   w i l l   t a k e   p l a c e ,  

t h u s   i n c r e a s i n g   the   o v e r a l l   p e r f o r m a n c e   of  the  v a l v e   2 1 1 .  

I l l u s t r a t e d   in  F i g u r e s   13-16  is  a  s t i l l   f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  h e a r t   v a l v e   311  w h i c h  



f e a t u r e s   a  d e p r e s s i o n - p r o t u b e r a n c e   a r r a n g e m e n t  

r e s e m b l i n g   t h a t   i l l u s t r a t e d   in  F i g u r e s   9 - 1 2 .   The  h e a r t  

v a l v e   311  has   a  d o m e - s h a p e d   o c c l u d e r   315  h a v i n g   a 

c o n v e x - c o n c a v e   c o n f i g u r a t i o n   g e n e r a l l y   t h a t   of  a  s e c t o r  

of  a  h o l l o w   s p h e r e .   I t   s h o u l d   be  a p p r e c i a t e d   t h a t  

d i f f e r e n t   o c c l u d e r   c o n f i g u r a t i o n s ,   i . e .   f l a t ,   t u b u l a r   o r  

d o m e - s h a p e d ,   may  be  u s e d   w i t h   v a r i o u s   of  t h e  

d e p r e s s i o n - p r o t u b e r a n c e   a r r a n g e m e n t s   i l l u s t r a t e d  

h e r e i n .  

The  o c c l u d e r   315  has   a  p l a n e r   p e r i p h e r y  

i n c l u d i n g   a  d o w n s t r e a m   a r c u a t e   edge   324  a n d  a n   u p s t r e a m  

a r c u a t e   edge   326 ,   w h i c h   a r e   g e n e r a l l y   s e m i c i r c u l a r   a n d  

p r o p o r t i o n e d   to   l i e   c l o s e l y   a d j a c e n t   a r c u a t e   p o r t i o n s   o f  

t h e   i n t e r i o r   w a l l   in  t h e   c l o s e d   p o s i t i o n   to  b l o c k   b l o o d  

f l o w   t h r o u g h   t h e   v a l v e   p a s s a g e w a y   3 1 7 ,   and  a  p a i r   o f  

s t r a i g h t   s e g m e n t s   337 ,   w h i c h   l i e   c l o s e l y   a d j a c e n t  

o p p o s e d   f l a t   s u r f a c e s   327  of  t h e   i n t e r i o r   w a l l   a n d  

a l t e r n a t e l y   s e r v e   as  b e a r i n g   s u r f a c e s   when  the  o c c l u d e r  

315  p i v o t s .   The  m o v e m e n t   of  t he   o c c l u d e r   is   g u i d e d   by  a 

p a i r   of   o p p o s e d ,   a r c u a t e ,   t r o u g h - s h a p e d   d e p r e s s i o n s   3 2 3 ,  

w h i c h   a r e   f o r m e d   in  t h e   f l a t   s u r f a c e s   327 ,   t o g e t h e r   w i t h  

u p s t r e a m   r o u n d e d   p r o t u b e r a n c e s   361  and  d o w n s t r e a m  

r o u n d e d   p r o t u b e r a n c e s   365 ,   wh ich   a r e   l o c a t e d   b e t w e e n   t h e  

c e n t e r l i n e   p l a n e   of  t h e   v a l v e   and  t h e   d e p r e s s i o n s   3 2 3 .  

A  p a i r  o f   e a r s   321  e x t e n d   f rom  t h e   s t r a i g h t   s e g m e n t s   337 

of  t h e   o c c l u d e r   315  and  a r e   r e c e i v e d   in  t he   a r c u a t e  

d e p r e s s i o n s   3 2 3 .  

The  a r c u a t e   d e p r e s s i o n s   323  t e r m i n a t e   a t  

d o w n s t r e a m   w a l l s   351  w h i c h ,   in  t h e   i l l u s t r a t e d  

e m b o d i m e n t ,   a r e   g e n e r a l l y   p e r p e n d i c u l a r   to  t h e  

c e n t e r l i n e   p l a n e .   A r c u a t e   d e p r e s s i o n   w a l l s   345  and  347  

c u r v e   u p s t r e a m   f rom  t h e   d o w n s t r e a m   w a l l   351  t o w a r d   t h e  

c e n t e r l i n e   p l a n e .   The  a r c u a t e   w a l l s   345,   347  d i v e r g e   i n  

t h e   u p s t r e a m   d i r e c t i o n   so  t h a t   t he   t r a n s v e r s e   d i m e n s i o n  

of  e a c h   d e p r e s s i o n   323  i n c r e a s e s   in  an  u p s t r e a m  

d i r e c t i o n ,   p r o v i d i n g   fo r   w a s h i n g   of  t h e   d e p r e s s i o n s   by  

b l o o d   f l o w i n g   t h r o u g h   t h e   v a l v e .   U p s t r e a m   s t r a i g h t  



w a l l s   349  of  the   d e p r e s s i o n   323  may  s e r v e   as  s t o p s   f o r  

the   e a r s   321  in  t he   open  p o s i t i o n .  

The  movement   of  t he   o c c l u d e r   315  b e t w e e n   i t s  

open  and  c l o s e d   p o s i t i o n s   is   d e f i n e d   by  t h e  

i n t e r e n g a g e m e n t   of  the   e a r s   321  w i t h i n   t he   d e p r e s s i o n s  

323  and  by  t he   u p s t r e a m   and  d o w n s t r e a m   p r o t u b e r a n c e s  

a s s o c i a t e d   w i t h   t he   d e p r e s s i o n s .   The  d o w n s t r e a m  

p r o t u b e r a n c e s   3 6 5  p r o v i d e   p i v o t   p o i n t s   fo r   t he   p e r i p h e r y  

of  the   o c c l u d e r   315  as  i t   s h i f t s   to   t h e   open  p o s i t i o n .  

The  u p s t r e a m   p r o t u b e r a n c e s   361  s i m i l a r l y   p r o v i d e   p i v o t  

p o i n t s   in  c o n t a c t   w i t h   t he   u p s t r e a m   s u r f a c e   341  as  t h e  

o c c l u d e r   315  s h i f t s   to   i t s   c l o s e d   p o s i t i o n .   The  a r c u a t e  

w a l l s   345,  347  of  t he   d e p r e s s i o n s   do  not   have  a  c o n s t a n t  
r a d i u s   of  c u r v a t u r e   but   i n s t e a d   g u i d e   t h e   o c c l u d e r   3 1 5  

in  t r a n s l a t i o n a l   as  w e l l   as  p i v o t a l   movement   as  i t  

s h i f t s   b e t w e e n   i t s   open  and  c l o s e d   p o s i t i o n s .  

For  a  v a l v e   311  in  t h e   a o r t i c   p o s i t i o n   d u r i n g  
the   b e g i n n i n g   of  t he   pumping   s t r o k e   of  t he   h e a r t ,   t h e  

d i f f e r e n t i a l   f o r c e   r e s u l t i n g   from  b l o o d   p r e s s u r e   in  t h e  

v e n t r i c l e   a g a i n s t   t he   g r e a t e r   p o r t i o n   371  of  t h e  

o c c l u d e r   315  ( l y i n g   to  t he   r i g h t   of  t he   d o w n s t r e a m  

p r o t u b e r a n c e s   365  in  FIG.  1 4 ) ,   s h i f t s   t he   o c c l u d e r   t o  

i t s   open  p o s i t i o n .   The  o c c l u d e r   p i v o t s   a b o u t   t h e  

d o w n s t r e a m   p r o t u b e r a n c e s   365,   w i t h   t he   d o w n s t r e a m  

s u r f a c e   343  of  i t s   p e r i p h e r y   in  s l i d i n g   c o n t a c t  

t h e r e w i t h .   In  t h i s   s h i f t i n g ,   t h e   o c c l u d e r   is  g u i d e d   f o r  

p i v o t a l   and  t r a n s l a t i o n a l   movement   by  the   t r a v e l   of  t h e  

e a r s   321  a l ong   t he   a r c u a t e   w a l l s   347  of  t h e  

d e p r e s s i o n s .   The  o c c l u d e r   c o n t i n u e s   s h i f t i n g   to  i t s  

open  p o s i t i o n   u n t i l   i t s   u p s t r e a m   s u r f a c e   341  c o n t a c t s  

the   u p s t r e a m   p r o t u b e r a n c e s   361,   s t o p p i n g   i t s   m o v e m e n t  

w i t h   t he   e a r s   321  a d j a c e n t   or  in  c o n t a c t   w i t h   t h e  

u p s t r e a m   w a l l s   349  of  t he   d e p r e s s i o n s .  

When  t he   r e s p e c t i v e   v e n t r i c l e   e x p a n d s   to  d r a w  

more  b lood   from  t he   a t r i u m ,   b a c k f l o w   of  b lood   from  t h e  

a o r t a   e x e r t s   a  d rag   on  the   ma jo r   p o r t i o n   371  of  t h e  

o c c l u d e r   c a u s i n g   i t   to  b e g i n   to  s h i f t   t o w a r d   t he   c l o s e d  



p o s i t i o n ,   w i t h   i t s   u p s t r e a m   s u r f a c e   343  in  s l i d i n g  

c o n t a c t   w i t h   t h e   u p s t r e a m   r o u n d e d   p r o t u b e r a n c e s   361  t h a t  

s e r v e   as  p i v o t   p o i n t s .   The  o c c l u d e r   i s   s t o p p e d   in  i t s  

c l o s e d   p o s i t i o n   w i t h   i t s   e a r s   321  a g a i n s t   t h e   d o w n s t r e a m  

w a l l s   351  and  w i t h   i t s   u p s t r e a m   s u r f a c e   341  in  c o n t a c t  

w i t h   t h e   u p s t r e a m   p r o t u b e r a n c e s   361  and  some  a u x i l i a r y  

s t o p s   355  and  356.   In  t h e   i l l u s t r a t e d   v a l v e ,   a  p a i r   o f  

r o u n d e d   s t o p s   356  p r o t r u d e   f rom  t h e   f l a t   s u r f a c e s   327  o n  

t h e   o p p o s i t e   s i d e   of  t h e   c e n t e r l i n e   p l a n e   f rom  t h e  

u p s t r e a m   p r o t u b e r a n c e s   361 ,   and  a  s i n g l e   r o u n d e d   s t o p  

355  i s   l o c a t e d   in  t h e   a r c u a t e   w a l l   of  t h e   v a l v e   body  3 1 3  

midway   b e t w e e n   t h e   s t o p s   3 5 6 .  

The  i l l u s t r a t e d   a r c u a t e   s e c t i o n s   324 ,   326  o f  

t h e   o c c l u d e r   p e r i p h e r y   a r e   s e g m e n t s   of  c i r c l e s ,   b u t  

wou ld   be  e l l i p t i c a l   i f   t h e   o c c l u d e r   315  w e r e   d e s i g n e d   t o  

s e a t   in  t h e   c l o s e d   p o s i t i o n   w i t h   i t s   p e r i p h e r y   in  a  

p l a n e   a t   an  a n g l e   of  l e s s   t h a n   90°  to   t h e   p a s s a g e w a y  
c e n t e r l i n e .  

The  d o m e - s h a p e d   c o n v e x - c o n c a v e   o c c l u d e r   315  

p r e f e r a b l y   h a s   a  g e n e r a l l y   u n i f o r m   t h i c k n e s s   and  i s  

d i s p o s e d   in  t h e   v a l v e   body  313  w i t h   i t s   c o n v e x   s u r f a c e  

341  f a c i n g   u p s t r e a m   in  t h e   c l o s e d   p o s i t i o n   of  t he   h e a r t  

v a l v e .   In  i t s   open   p o s i t i o n ,   t h e   o c c l u d e r   315  d e f i n e s   a 

m a j o r   p a s s a g e w a y   p o r t i o n   357  (FIGURE  13)  a l o n g   i t s  

u p s t r e a m   c o n v e x   s u r f a c e   341  and  a  m ino r   p a s s a g e w a y  

p o r t i o n   354  a l o n g   i t s   d o w n s t r e a m   c o n c a v e   s u r f a c e   3 4 3 .  

I t   i s   p r e f e r r e d   t h a t   t h e   h e i g h t   Y  ( F i g u r e   16)  of  t h e  

dome,   as  m e a s u r e d   f rom  i t s   b a s e ,   i . e . ,   t h e   p l a n e   of  i t s  

p e r i p h e r y ,   t o   t h e   apex   of  i t s   c o n c a v e   s u r f a c e   343,   b e  

a b o u t   15  to   a b o u t   30  p e r c e n t   of  t h e   p a s s a g e w a y  
d i a m e t e r .  

I l l u s t r a t e d   in  FIGURE  17  i s   a  f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  b i l e a f l e t   h e a r t   v a l v e   411  i n  

w h i c h   e a c h   of  t he   l e a f l e t s   415  has   a  c o n v e x - c o n c a v e  

c o n f i g u r a t i o n   g e n e r a l l y   t h a t   of  o n e - h a l f   of  a  s e c t o r   o f  

a  h o l l o w   s p h e r e .   The  c o n v e x   s u r f a c e   451  of  e ach   of  t h e  

l e a f l e t s   f a c e s   u p s t r e a m ,   and  t h e   l e a f l e t s   in  t h e i r   o p e n  



p o s i t i o n   p r o v i d e   a  g e n e r a l l y   e l l i p i t i c a l   c e n t r a l   r e g i o n  

be tween   t h e i r   c o n c a v e   d o w n s t r e a m   s u r f a c e s   447  w i t h   g o o d  

blood  f l o w   c h a r a c t e r i s t i c s .  

D e p r e s s i o n s   435  f o r m e d   in  d i a m e t r i c a l l y  

o p p o s i t e   f l a t   r e g i o n s   427  of  t h e   v a l v e   body  4 1 3  

i n t e i e n g a g e   w i t h   e a r s   421  e x t e n d i n g   o u t w a r d   f rom  t h e  

f l a t   p e r i p h e r a l   s e g m e n t s   437  of  t he   l e a f l e t s   to  g u i d e  

t h e   l e a f l e t s   on  c u r v i n g   p a t h w a y s   as  t h e y   s h i f t   b e t w e e n  

t h e i r   open   and  c l o s e d   p o s i t i o n s .  

Each   of  t h e   l e a f l e t s   415  i s   s t o p p e d   in  i t s   o p e n  

p o s i t i o n   w i t h   i t s   c o n v e x   u p s t r e a m   s u r f a c e   451  in  c o n t a c t  

w i t h   a  p a i r   of  o p p o s e d ,   r o u n d e d ,   u p s t r e a m   p r o t u b e r a n c e s  

465  a s s o c i a t e d   w i t h   t he   c o r r e s p o n d i n g   g u i d i n g  

d e p r e s s i o n s   423  and  w i t h   i t s   d o w n s t r e a m   s u r f a c e   443  i n  

c o n t a c t   w i t h   d o w n s t r e a m   p r o t u b e r a n c e s   461.   Each  of  t h e  

l e a f l e t s   i s   s t o p p e d   in  i t s   c l o s e d   p o s i t i o n   w i t h   i t s  

u p s t r e a m   c o n v e x   s u r f a c e   441  in  c o n t a c t   w i t h   t he   u p s t r e a m  

p r o t u b e r a n c e s   465  and  w i t h   i t s   a r c u a t e   p e r i p h e r a l   e d g e  

431  in  c o n t a c t   w i t h   a  l e d g e   or  l i p   464  f o r m e d   in  t h e  

a r c u a t e   i n t e r i o r   w a l l   433  of  t h e   v a l v e   body .   Each  o f  

t he   l e a f l e t s   i s   s t o p p e d   in  i t s   open  p o s i t i o n   w i t h   i t s  

a r c u a t e   p e r i p h e r a l   edge   431  in  a  p l a n e   wh ich   m e e t s   t h e  

p a s s a g e w a y   c e n t e r l i n e   at   an  a n g l e   of  b e t w e e n   a b o u t   1 0 °  

and  a b o u t   25°  and  in  i t s   c l o s e d   p o s i t i o n   in  a  p l a n e   a t  

an  a n g l e   of  b e t w e e n   a b o u t   65°  and  9 0 ° .   When,  a s  

i l l u s t r a t e d ,   t he   l e a f l e t s   415  s e a t   in  t h e i r   c l o s e d  

p o s i t i o n s ,   t he   p e r i p h e r a l   edge  431  of  each   has  t h e  

e l l i p t i c a l   s h a p e   d e f i n e d   by  t h e   i n t e r s e c t i o n   of  t h e  

p l a n e   of  t h e   p e r i p h e r y   and  the   c y l i n d r i c a l   i n t e r i o r  

s u r f a c e   of  t h e   v a l v e   b o d y .  

I l l u s t r a t e d   in  FIGURE  18  i s   a  f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  b i l e a f l e t   h e a r t   v a l v e   511  i n  

which  each   of  t he   l e a f l e t s   515  has   a  c o n v e x - c o n c a v e  

c o n f i g u r a t i o n   g e n e r a l l y   t h a t   of  a  s e c t o r   or  p o r t i o n   of  a 

r i g h t   c y l i n d r i c a l   t u b e .   The  a x i s   of  the   l e a f l e t   5 1 5  

s h o u l d   be  u n d e r s t o o d   to  mean  the   a x i s   of  t h i s   t u b e .   T h e  

l e a f l e t s   515  have  f l a t   l a t e r a l   edge  s e c t i o n s   537  f r o m  



w h i c h   e a r s   521  e x t e n d   in  o p p o s i t e   d i r e c t i o n s .   The  e a r s  

a r e   r e c e i v e d   in  d e p r e s s i o n s   523  f o r m e d   in  o p p o s i t e   f l a t  

w a l l   p o r t i o n s   527  of  t h e   i n t e r i o r   of  t h e   v a l v e   b o d y .  

The  d e p r e s s i o n s   523  g u i d e   the   l e a f l e t s   in  s h i f t i n g  

b e t w e e n   t h e i r   open   and  c l o s e d   p o s i t i o n s   and  e x t e n d  

p a r t i a l l y   i n t o   u p s t a n d i n g   s t a n d a r d s   536 ,   w h i c h   p r o j e c t  

f rom  t h e   u p s t r e a m   s u r f a c e   of  t h e   o t h e r w i s e   a n n u l a r   v a l v e  

body  5 1 3 .  

The  l e a f l e t s   515  are   s t o p p e d   i n  t h e   o p e n  

p o s i t i o n   w i t h   t h e i r   c o n v e x   u p s t r e a m   s u r f a c e s   541  i n  

c o n t a c t   w i t h   r o u n d e d   u p s t r e a m   p r o t u b e r a n c e s   5 6 5  

a s s o c i a t e d   w i t h   t h e   c o r r e s p o n d i n g   d e p r e s s i o n s   523  a n d  

w i t h   t h e i r   d o w n s t r e a m   s u r f a c e s   543  a d j a c e n t   t h e   f l a t  

s e c t i o n s   537  in  c o n t a c t   w i t h   d o w n s t r e a m   p r o t u b e r a n c e s  

561.   In  t h e   c l o s e d   p o s i t i o n ,   t he   l e a f l e t s   a r e   s t o p p e d  

w i t h   t h e i r   c o n v e x   u p s t r e a m   s u r f a c e s   541  s t i l l   in  c o n t a c t  

w i t h   t h e   u p s t r e a m   p r o t u b e r a n c e s   565  and  w i t h   t h e i r  

p e r i p h e r a l   a r c u a t e   e d g e s   531  in  c o n t a c t   w i t h   t h e   a r c u a t e  

i n t e r i o r   w a l l   533  of  t h e   v a l v e   b o d y .  

The  c o n v e x - c o n c a v e   c o n f i g u r a t i o n   of  t h e  

l e a f l e t s   515  p r o v i d e s   a  g e n e r a l l y   e l l i p t i c a l   c e n t r a l  

p a s s a g e w a y   w i t h   good   b l o o d   f l o w   c h a r a c t e r i s t i c s   p a s t   t h e  

f a c i n g   c o n c a v e   s u r f a c e s   543  of  t h e   l e a f l e t s   in  t he   o p e n  

p o s i t i o n .   The  s t a n d a r d s   536,  w h i c h   p r o j e c t   in   t h e  

u p s t r e a m   d i r e c t i o n ,   p e r m i t   t h e   l e a f l e t s   to   s e a t   in  t h e i r  

c l o s e d   p o s i t i o n   w i t h   t h e i r   a x e s   a t   an  a n g l e   o f  

s u b s t a n t i a l l y   l e s s   t h a n   90°  r e l a t i v e   to   t h e   c e n t e r l i n e  

of  t h e   v a l v e   b o d y ,   and  a u x i l i a r y   p r o t u b e r a n c e s   or  l i p s  

can   be  o p t i o n a l l y   o m i t t e d   b e c a u s e   t h e   m a j o r   e d g e s   531  o f  

t h e   l e a f l e t s   b e a r   t i g h t l y   a g a i n s t   t h e   a r c u a t e   i n t e r i o r  

w a l l   533 .   P r e f e r a b l y   t h e   l e a f l e t s ,   in  h e a r t   v a l v e s  

h a v i n g   s t a n d a r d s   536  e x t e n d i n g   u p s t r e a m ,   s e a t   in  t h e i r  

c l o s e d   p o s i t i o n   w i t h   t h e i r   axes   i n c l i n e d   t o w a r d   t h e  

p a s s a g e w a y   c e n t e r l i n e   a t   an  a n g l e   of  b e t w e e n   a b o u t   6 5 °  

and  a b o u t   7 0 ° .   B e c a u s e   in  the   open  p o s i t i o n ,   t he   a x e s  

of  t h e   l e a f l e t s   a r e   i n c l i n e s   t o w a r d   t h e   p a s s a g e w a y  
c e n t e r l i n e   a t   an  a n g l e   of  b e t w e e n   a b o u t   10°  and  a b o u t  



25° ,   t h e   d i s t a n c e   t h a t   t he   l e a f l e t s   a re   r e q u i r e d   t o  

s h i f t   b e t w e e n   t h e i r   open  and  c l o s e d   p o s i t i o n s   is   t h e r e b y  

s m a l l ,   i . e . ,   o n l y   b e t w e e n   a b o u t   45°  and  a b o u t   60° .   T h e  

s m a l l   s h i f t i n g   movement   of  t h e   l e a f l e t s   r e q u i r e d   t o  

c l o s e   t h e   v a l v e   511  h a s t e n s   c l o s i n g   and  r e d u c e s   b a c k f l o w  

t h r o u g h   t h e   v a l v e .  

I l l u s t r a t e d   in  FIGURE  19  i s   a  f u r t h e r  

a l t e r n a t i v e   e m b o d i m e n t   of  a  h e a r t   v a l v e   611  h a v i n g   a  

s i n g l e   o c c l u d e r   615  t h a t   has   a  c o n c a v e - c o n v e x  

c o n f i g u r a t i o n   g e n e r a l l y   t h a t   of  a  s e c t o r   of  a  h o l l o w  

s p h e r e   w i t h   i t s   c o n c a v e   s u r f a c e   641  f a c i n g   u p s t r e a m .  

The  i n t e r e n g a g e m e n t   of  o p p o s e d   e a r s   621  t h a t   p r o j e c t  

f rom  f l a t   l a t e r a l   s u r f a c e s   622  w i t h   a  p a i r   of  e l o n g a t e d  

d e p r e s s i o n s   623  h e l p s   to   g u i d e   t h e   o c c l u d e r   in  s h i f t i n g  

b e t w e e n   i t s   open   and  c l o s e d   p o s i t i o n s .   The  o c c l u d e r   6 1 5  

is   s t o p p e d   in  i t s   open  p o s i t i o n   by  c o n t a c t   w i t h   p a i r s   o f  

u p s t r e a m   and  d o w n s t r e a m   p r o t u b e r a n c e s   665,   661.  In  t h e  

c l o s e d   p o s i t i o n ,   t he   o c c l u d e r   i s   in  c o n t a c t   w i t h   t h e  

u p s t r e a m   p r o t u b e r a n c e s   665,   and  i t s   a r c u a t e   p e r i p h e r a l  

edge  631 ,   r e m o t e   from  t h i s   r e g i o n   of  c o n t a c t ,   s e a t s  

a l o n g   a  l i p   669  fo rmed   in  t h e   a r c u a t e   i n t e r i o r   w a l l   6 3 3  

of  t h e   v a l v e   body .   In  t he   c l o s e d   p o s i t i o n ,   t h e  

i l l u s t r a t e d   o c c l u d e r   615  s e a t s   in  t he   v a l v e   body  6 1 3  

w i t h   t h e   p l a n e   of  i t s   p e r p h e r y   a t   an  a n g l e  o f   l e s s   t h a n  

90°  f rom  the   c e n t e r l i n e   of  t h e   v a l v e   p a s s a g e w a y ,   t h u s  

r e d u c i n g   t h e   a n g u l a r   d i s t a n c e   t h e   o c c l u d e r   p i v o t s .  

Many  a d v a n t a g e s   of  t h e   h e a r t   v a l v e s   s h o u l d   now 

be  more  f u l l y   a p p r e c i a t e d .   The  low  p r o f i l e   of  t he   h e a r t  

v a l v e s   and  the   l a r g e   g e n e r a l l y   u n o b s t r u c t e d   p a s s a g e w a y  
c o n t r i b u t e   to  e x c e l l e n t   f l o w   of  b l o o d   t h e r e t h r o u g h .  

A l m o s t   a l l   s u r f a c e s   a re   f u l l y   e x p o s e d   to  f l o w i n g   b l o o d  

which   w a s h e s   t h e   s u r f a c e s   and  p r e v e n t s   s t a g n a t i o n   a n d  

c l o t t i n g .   The  i n c r e a s i n g   t r a n s v e r s e   d i m e n s i o n s   of  t h e  

d e p r e s s i o n s   p e r m i t   f l o w i n g   b l o o d   to  wash  the   m o s t  

r e s t r i c t e d   a r e a ,   i . e . ,   b e t w e e n   t he   e a r s   and  t h e  

d e p r e s s i o n s ,   and ,   in  t h i s   r e g a r d ,   t he   c o n f i g u r a t i o n   o f  

the   d e p r e s s i o n s   which  r e s u l t s   in  t r a n s l a t i o n a l   m o v e m e n t  



of  t he   v a l v e   m e m b e r ( s )   a l s o   c a u s e s   some  s l i d i n g   of  t h e  

e a r s   a l o n g   t h e   d e p r e s s i o n   s u r f a c e s   to   c o n t i n u a l l y   c l e a n  

t h e s e   s u r f a c e s .   S i n c e   t he   s h i f t i n g   v a l v e   m e m b e r ( s )   a r e  

g e n e r a l l y   in   c o n t a c t   w i t h   t h e   v a l v e   body  a t   l e a s t   o n e  

s e t   of  p r o t u b e r a n c e s   as  w e l l   as  a l o n g   t h e   d e p r e s s i o n s ,  

and  s i n c e   t h e   c o n t a c t   p o i n t s   a r e   c o n t i n u a l l y   c h a n g i n g ,  

t h e   f o r c e   b e t w e e n   t h e   v a l v e   m e m b e r ( s )   and  the   v a l v e   b o d y  

i s   w e l l   d i s t r i b u t e d ,   and  wear   on  t h e   h e a r t   v a l v e s   i s  

m i n i m i z e d .   S i m i l a r l y ,   t h e   d i s t r i b u t i o n   of  t he   o p e n i n g  

and  c l o s i n g   f o r c e s   ove r   s e v e r a l   s u r f a c e s   c u s h i o n s   t h e  

i m p a c t   so  t h a t   no  s i g n i f i c a n t   h e m o l y s i s   o c c u r s .   T h e  

d e s i g n   of  t h e   h e a r t   v a l v e s   i s   s i m p l e   so  t h a t   t h e y   may  b e  

e a s i l y   m a n u f a c t u r e d   and  r e p r o d u c e d   a c c o r d i n g   to   e x a c t i n g  

s t a n d a r d s   t o   p r o v i d e   l i f e l o n g   t r o u b l e - f r e e   u s e .  

W h i l e   t h e   i n v e n t i o n   has   been   d e s c r i b e d   in   t e r m s  

of  c e r t a i n   p r e f e r r e d   e m b o d i m e n t s ,   m o d i f i c a t i o n s   o b v i o u s  

to  one  of  t h e   o r d i n a r y   s k i l l   in  t h e   a r t   may  be  m a d e  

w i t h o u t   d e p a r t i n g   f rom  t h e   s c o p e   of  t h e   i n v e n t i o n .   F o r  

e x a m p l e ,   t h e   e a r s   may  be  a r c u a t e   r a t h e r   t h a n  

r e c t a n g u l a r ,   in   w h i c h   c a s e   t h e   r e a r   w a l l s   of  t h e  

d e p r e s s i o n s   w o u l d   be  c o r r e s p o n d i n g l y   a r c u a t e .  

A  n u m b e r   of  e m b o d i m e n t s   have   been   shown  a n d  

d e s c r i b e d   w h i c h   a r e   w e l l   r e p r e s e n t a t i v e   of  e a r - g u i d e d  

h e a r t   v a l v e s   of   t h e   p r e s e n t   i n v e n t i o n .   T h e s e  

e m b o d i m e n t s   i n c o r p o r a t e   a  v a r i e t y   of  f e a t u r e s   w h i c h   a r e  

i n c o r p o r a t e d   a c c o r d i n g   to  t h e   r e q u i r e m e n t s   of  t h e  

p a t i e n t   and  m a n u f a c t u r i n g   c o n s i d e r a t i o n s   i n t o   a  v a r i e t y  

of  m o d i f i c a t i o n s   or  p e r m u t a t i o n s .   I t   w i l l   be  u n d e r s t o o d  

t h a t   t h e   v a r i o u s   p e r m u t a t i o n s ,   w h i c h   a r i s e   f r o m  

r e a r r a n g i n g   t h e   v a r i o u s   f e a t u r e s   t h a t   have   b e e n  

d e s c r i b e d   h e r e i n   in  r e f e r e n c e   to   t h e   i l l u s t r a t e d  

e m b o d i m e n t s ,   a r e   w i t h i n   t he   s c o p e   of  t h e   i n v e n t i o n .  

V a r i o u s   f e a t u r e s   of  t h e   i n v e n t i o n   a r e   s e t   f o r t h  

in  t h e   f o l l o w i n g   c l a i m s .  



1.  A  h e a r t   v a l v e   p r o s t h e s i s   f o r   a l l o w i n g  

n o r m a l   b l o o d   f l o w   t h e r e t h r o u g h   f r o m   u p s t r e a m   t o  

d o w n s t r e a m   i n c l u d i n g :   a  g e n e r a l l y   a n n u l a r   v a l v e   b o d y  

h a v i n g   an  i n t e r i o r   w a l l   w h i c h   d e f i n e s   a  c e n t r a l  

p a s s a g e w a y   f o r   b l o o d   f l o w   t h e r e t h r o u g h ,   o c c l u d e r   m e a n s  

f o r   b l o c k i n g   t h e   r e v e r s e   f l o w   of  b l o o d   t h r o u g h   s a i d  

p a s s a g e w a y ,   e a r s   e x t e n d i n g   f rom  o p p o s i t e   l o c a t i o n s   o n  

t h e   p e r i p h e r y   o f   s a i d   o c c l u d e r   m e a n s ,   c o m p l e m e n t a r y  

d e p r e s s i o n s   f o r m e d   in  s a i d   i n t e r i o r   w a l l   of  s a i d   v a l v e  

body  wh ich   a r e   p r o p o r t i o n e d   to  r e c e i v e   s a i d   e a r s   and  t o  

g u i d e   s a i d   e a r s   a l o n g   a  c u r v i n g   p a t h   as  s a i d   o c c l u d e r  

means   moves  b e t w e e n   c l o s e d   and  open   p o s i t i o n s ,   s t o p  

means   in  s a i d   a n n u l a r   v a l v e   b o d y  a g a i n s t   w h i c h   t h e  

u p s t r e a m   f a c e   o f   s a i d   o c c l u d e r   m e a n s   a b u t s   in  the   c l o s e d  

p o s i t i o n ,   f i r s t   and  s e c o n d   bump  m e a n s   p r o t r u d i n g   f r o m  

s a i d   i n t e r i o r   w a l l   and  b e i n g   a s s o c i a t e d   w i t h   each   o f  

s a i d   d e p r e s s i o n s ,   s a i d   f i r s t   bump  m e a n s   b e i n g   l o c a t e d  

d o w n s t r e a m   of  s a i d   o c c l u d e r   means   and  s a i d   s e c o n d   bump 

means   b e i n g   l o c a t e d   u p s t r e a m   of  s a i d   o c c l u d e r   means  i n  

s a i d   c l o s e d   p o s i t i o n ,   s a i d   f i r s t   bump  means   b e i n g   i n  

c o n t a c t   w i t h   t h e   d o w n s t r e a m   f a c e   of  s a i d   o c c l u d e r   m e a n s  

d u r i n g   moving   t o   s a i d   open  p o s i t i o n   and  d e t e r m i n i n g   t h e  

o r i e n t a t i o n   of  s a i d   o c c l u d e r   means   in   t h e   f u l l y   o p e n  

p o s i t i o n ,   and  t h e   s h a p e   of  s a i d   d e p r e s s i o n s   b e i n g   s u c h  

t o ,   in  c o o p e r a t i o n   w i t h   s a i d   bump  m e a n s ,   g u i d e   s a i d  

o c c l u d e r   means   in   b o t h   p i v o t a l   and  t r a n s l a t i o n a l  

m o v e m e n t   b e t w e e n   s a i d   c l o s e d   and  open   p o s i t i o n s ,   w h e r e b y  

s a i d   d o w n s t r e a m   f a c e   of  s a i d   o c c l u d e r   means   s l i d e s  

a g a i n s t   s a i d   f i r s t   bump  means   d u r i n g   o p e n i n g   of  s a i d  

o c c l u d e r   m e a n s .  

2.  A  h e a r t   v a l v e   in  a c c o r d a n c e   w i t h   C la im   1 

w h e r e i n   s a i d   d e p r e s s i o n s   a re   c u r v i n g   t r o u g h s   h a v i n g   f l a t  

r e a r   w a l l s   and  s u b s t a n t i a l l y   p e r p e n d i c u l a r   s i d e w a l l s ,  

w h e r e i n   t he   t r a n s v e r s e   d i m e n s i o n   of  s a i d   c u r v i n g   t r o u g h s  

i n c r e a s e s   in  t h e   d i r e c t i o n   wh ich   s a i d   e a r s   t r a v e l   a s  



s a i d   o c c l u d e r   means   moves   to   i t s   o p e n   p o s i t i o n .  

3.  A  h e a r t   v a l v e   p r o s t h e s i s   a c c o r d i n g   to   C l a i m  

1  w h e r e i n   s a i d   o c c l u d e r   means   has   a  c o n v e x   u p s t r e a m   f a c e  

and  a  c o n c a v e   d o w n s t r e a m   f a c e .  

4.  A  h e a r t   v a l v e   in  a c c o r d a n c e   w i t h   C l a i m   1 

w h e r e i n   s a i d   s e c o n d   bump  means   i s   p o s i t i o n e d   t o   e n g a g e  

in  s l i d i n g   c o n t a c t   w i t h   t h e   u p s t r e a m   f a c e   of  s a i d  

o c c l u d e r   m e a n s   d u r i n g   p i v o t i n g   and  t r a n s l a t i o n a l  

m o v e m e n t   t o   t h e   c l o s e d   p o s i t i o n .  

5.  A  h e a r t   v a l v e   in  a c c o r d a n c e   w i t h   C l a i m   1 

w h e r e i n   s a i d   o c c l u d e r   means   i s   a  u n i t a r y   o c c l u d e r   a n d  

s a i d   f i r s t   and  s e c o n d   bump  means   a r e   d i s p o s e d   r e m o t e  

f rom  t h e   c e n t e r l i n e   p l a n e   r e l a t i v e   to   s a i d   d e p r e s s i o n s ,  

and  s a i d   d e p r e s s i o n s   p r o v i d e   a  d o w n s t r e a m   p a t h w a y   f o r  

s a i d   e a r s   as   s a i d   o c c l u d e r   moves   to   i t s   open   p o s i t i o n .  

6.  A  h e a r t   v a l v e   in   a c c o r d a n c e   w i t h   C l a i m   1 

w h e r e i n   s a i d   o c c l u d e r   means   i s   a  u n i t a r y   o c c l u d e r   a n d  

s a i d   f i r s t   and  s e c o n d   bump  means   a r e   l o c a t e d   b e t w e e n   t h e  

c e n t e r l i n e   p l a n e   and  s a i d   d e p r e s s i o n s ,   and  s a i d  

d e p r e s s i o n s   p r o v i d e   an  u p s t r e a m   p a t h w a y   f o r   s a i d   e a r s   a s  

s a i d   o c c l u d e r   moves   to   i t s   open   p o s i t i o n .  

7.  A  h e a r t   v a l v e   in  a c c o r d a n c e   w i t h   C l a i m   1 

w h e r e i n   s a i d   o c c l u d e r   m e a n s   i n c l u d e s   a  p a i r   of  l e a f l e t s  

h a v i n g   a r c u a t e   m a j o r   e d g e s   and  f l a t   m i n o r   e d g e s   w h i c h  

l i e   c l o s e l y   a d j a c e n t   e a c h   o t h e r   in  t h e   c l o s e d   p o s i t i o n ,  

and  s a i d   l e a f l e t s   have   a  c o n c a v e - c o n v e x   c o n f i g u r a t i o n  

g e n e r a l l y   i n   t h e   s h a p e   of  s e c t o r s   of  h o l l o w   r i g h t  

c y l i n d r i c a l   t u b e s .  

8.  A  h e a r t   v a l v e   p r o s t h e s i s   f o r   a l l o w i n g   b l o o d  

f l o w   t h e r e t h r o u g h   in  a  s p e c i f i c   d i r e c t i o n   i n c l u d i n g   a  

g e n e r a l l y   a n n u l a r   v a l v e   body  h a v i n g   an  i n t e r i o r   s u r f a c e  

d e f . i n i n g   a  c e n t r a l   p a s s a g e w a y   for   b l o o d   f l o w  

t h e r e t h r o u g h ,   a  s i n g l e   o c c l u d e r   h a v i n g   a  c o n c a v e  

d o w n s t r e a m   f a c e   and  a  c o n v e x   u p s t r e a m   f a c e ,   a  p a i r   o f  

e a r s   f o r m e d   on  o p p o s i t e   l o c a t i o n s   in  t h e   p e r i p h e r y   o f  

s a i d   o c c l u d e r ,   a  p a i r   of  c o m p l e m e n t a r y   d e p r e s s i o n s   i n  

s a i d   i n t e r i o r   s u r f a c e   of  w h i c h   a r e   p r o p o r t i o n e d   t o  



i n t e r f i t   w i t h i n   s a i d   e a r s   fo r   g u i d i n g   s a i d   o c c l u d e r   i n  

p i v o t i n g   a c t i o n   b e t w e e n   open  and  c l o s e d   p o s i t i o n s ,   t h e  

s h a p e   of  s a i d   p r o j e c t i o n s   b e i n g   such   to   g u i d e   s a i d  

o c c l u d e r   a l o n g   a  c u r v i n g   p a t h   d u r i n g   s h i f t i n g   b e t w e e n  

s a i d   open  and  c l o s e d   p o s i t i o n s   t h a t   c r e a t e s   b o t h   p i v o t a l  

and  t r a n s l a t i o n a l   m o v e m e n t ,   f i r s t   means   f o r m e d   in  s a i d  

a n n u l a r   v a l v e   body   f o r   e n g a g i n g   s a i d   u p s t r e a m   f a c e   o f  

s a i d   o c c l u d e r   and  p r o v i d i n g   a  s t o p   in  t h e   c l o s e d  

p o s i t i o n ,   and  s e c o n d   means   in  s a i d   a n n u l a r   v a l v e   b o d y  

f o r   e n g a g i n g   s a i d   d o w n s t r e a m   f a c e   of  s a i d   o c c l u d e r   a n d  

p r o v i d i n g   a  s t o p   in  t h e   open  p o s i t i o n .  

9.  A  h e a r t   v a l v e   in  a c c o r d a n c e   w i t h   C l a i m   8 

w h e r e i n   s a i d   o c c l u d e r   i n c l u d e s   a  s e c t o r   of  a  t u b e   o f  

c u r v e d   c r o s s   s e c t i o n   h a v i n g   a  g e n e r a l l y   s t r a i g h t  

c e n t e r l i n e .  

10.  A  h e a r t   v a l v e   a c c o r d i n g   to   C l a i m   9  w h e r e i n  

s a i d   o c c l u d e r   i n c l u d e s   a  s e c t o r   of  a  h o l l o w   r i g h t  

e l l i p t i c a l   c y l i n d e r ,   t h e   l e n g t h   of  a  m a j o r   e l l i p t i c a l  

a x i s   b e i n g   b e w t e e n   a b o u t   120  and  a b o u t   200  p e r c e n t   t h e  

d i a m e t e r   of  s a i d   p a s s a g e w a y   and  t h e   l e n g t h   of  t he   m i n o r  

e l l i p t i c a l   a x i s   b e i n g   b e t w e e n   a b o u t   50  and  a b o u t   1 7 0  

p e r c e n t   t h e   l e n g t h   of  t h e   d i a m e t e r   of  s a i d   p a s s a g e w a y .  
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